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THE PHYSIOLOGICAL ACTIVATION OF INSULIN* 


Bj H P HIMSWORTH f 

( From the Medical Unit, Unnersity College Hospital, London) 


While tlio most striking effects of insulin nrc seen in the disease diabetes 
mellitus the current conceptions of its action arc lnscd, almost e\clusi\ ely, 
on data obtamed from healthy human beings or experimentally prepared, 
but otherwise normal, animals It is not, therefore, surprising that 
discrepancies hare arisen between physiological conclusions and medical 
observations, but it is unfortunate that these discrepancies have been solved 
by relative neglect of the clinical findings The result has been that many 
well established observations on insulin action in diabetes hate failed to 
influence physiological thought to the extent that their actual significance 
would appear to justify 

One of the earliest of such independent observations by the clinician 
was that of the variation of insulin efficiency under the influence of various 
factors It was speedily recognised that infection in the diabetic necessitated 
the temporary administration of larger doses of insulin , that m cases of 
diabetic coma hundreds of units of insulin may be required to influence 
the blood sugar level, whilst in the same patients, after emergence from coma, 
twenty or thirty units result in marked hypoglj cremia , that if a diabetic 
be given three meals of identical composition m the day more insulin is 
required to prevent glycosuria after the morning meal than after either 
of the others and that cases are met with m which resistance develops 
to the action of insulin, even when given in enormous doses It is a more 
recent finding that the composition of the diet has a marked influence 
upon the capacity of the diabetic to dispose of sugar Cases of diabetes 
have been under our care in which, by decreasing the fat and increasing 
the carbohydrate in the diet, less insulin was required to keep the urine 
sugar free on the high carbohydrate than on the high fat regime In these 
cases it is difficult to avoid the conclusion that the insulin has become more 
efficient and it was decided to mvestigate whether this potentiation was 
real or only apparent Owing to the slower succession of events in the 
diabetic than in healthy individuals undergoing the same tests, phenomena 

■A. preliminary account of this work appeared in the Lancet, 1932, u, 935 

t Beit Memorial Research Fellow 



2 


II P IIIMSWOPTII 


became obvious in the former which were only later detected m the normal 
after careful searcli A*? these phenomena occurred both in the abnormal 
and noimal mdi\ idunls, it was thought necessary to investigate them more 
closely m tlic healthy person and to define their limits of normality, before 
proceeding further with the lmcstigation of the diabetic It is these 
observations on the normal winch are presented below In order to make 
clear the scheme of attack on the problems imestigated it is necessary first 
to consider some theoretical considerations underlying the tests used 
The peripheral action of insulin was clearly demonstrated by the 
experiments of Mann and M.igath (22) and Burn and Dale (3) The former 
imestigators showed that, after hopateetomy in dogs, insulin produced a 
fall m blood sugat tompvrablc with that obtained in the normal animal, 
whilst the latter obseriers demonstrated the disappearance of large quantities 
of infused sugar m their decapitated c\ iscerated preparations after 
administration of insulin These findings threw considerable light upon 
the earlier results of Foster ( f i) who had shown that in man, venous blood 
contained less sugar than e ipilhuy blood Correlation wns further established 
in experiments on elogs ha Frank, Xothmann and Wagner (10a, 10b) who 
showed that injection of insulin, both in the intact nnd m the dcpanercatiscel 
animal caused an increase in the artcrioae nous sugar difference, nnd moreoicr 
that tins A-Y difference, after ultra- irte rial mjeetion of insulin, was most 
marked m the limb supplied by tint artery These workers also reported 
that an A-Y difference normalli existed under resting conditions m intact 
elogs but that it was umh tectable in ele pane resit ise'd animals A diminished 
A-Y diffctencc in diabetics and its me tense under the action of insulin were 
recorded bv Luwlsgnnrd and llolboll (21), and these* observations June 
since been confirmed by otlier imestigators (20) (2G) 

The following points thus nppi ir to be proied That insulin has an 
action in the peripheral tissues, that this action is rootled by the A-Y 
diffei encc m the blood sugar , that uureasuig tin* insulin in the tissues 
lcsults m nil mere ise* in the A-Y difTt*rt*nee , and that restriction of this 
substance m the bod\, b\ pine re iteetoim and possd»l\ 1>\ elisease, euisesa 
decicasc and in some eases a disappearance of this phenomenon There arc, 
therefore, stiong grounds for bi'liei mg that t lie A-Y difft*renee depends upon 
1 lie amount, or the concentration, of ae ti\c* insulin m the tissues 

Fosln (0) cstablislied tlie impoitunt point that, (lining h\ pergly cienua 
induced by inge'stion of glucose, the* A-Y diffeicncc i ipulh increased after 
t lie first few minutes so that the icnous curie remained much lowei than 
the capillniy blood sugar curie These results lime been confnmeel by Con 
and Con (0) and numerous imestigators since It appears, therefore, that 
hi pei glycamim occasions an increase m the actiie insulin m the tissues 
This deduction is furthci suppmted l>y the expcnmeuits of Zuii7 and 
la Banc (33) and Chafe and Meithalei (12) wlio bung forwaul results 
showing that a use in blood sugar is an adequate stimulus for the 
scciotion of insulm from the pancreas, 
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Consequently tlic fundamental assumption for interpretation of the 
arterio-venous blood sugar curves in the following series of experiments is 
that the difference betucen the sugar content of arterial and icnous blood, at 
any particular time, is an indication of the acinc insulin then present m the 
tissues 

Course of investigation 

It was noted in diabetics balanced on a high fat diet, that if the amount 
of carbohydrate were trebled or quadrupled, and the amount of fat reduced 
so that the caloric value of the diet was the same, then, despite the increased 
carbohydrate intake, the same insulin still sufficed to keep the urine sugar 
free This paradoxical variation m insulin efficiency was found to be 
accompanied in these patients, when on a high carbohydrate diet, by a less 
degree of hyperglyctemia after a standard dose of glucose, than in the same 
patients when receiving a high fat diet 

Du Vigneard and Karr (8) reported that the sugar tolerance in rabbits 
was markedly decreased by fasting or by a diet containing a large proportion 
of fat, whilst a diet containing much carbohydrate increased the sugar 
tolerance That these variations in tolerance were not due to variations 
in absorption was shown by du Vigneard and Ivarr (8) w hen they demonstrated 
that the same type of hyperglycamna occurred w hether the sugar n as given 
orally or intravenously Observations of a similar nature were recorded 
from time to time and Sweeney (30) reported the influence of starvation, 
high fat and high carbohydrate diets on the sugar tolerance of healthy 
human beings He found that after a standard dose of glucose a high blood 
sugar curve invariably^ occurred m subjects who were either starring or on 
a high fatdiet whilst a low blood sugar curve accompanied a high carbohydrate 
regime The present investigation was undertaken in an attempt to explain 
this influence of diet on the sugar tolerance, but evidence rapidly accumulated 
which indicated that this problem was primarily concerned with the effect 
of these factors upon the activity of insulin This development of the original 
problem proceeded along the following lines of argument 

As far as we know hyperglycemia in a healthy individual can be reduced 
in one of two ways The blood sugar can either be stored m the liver or 
removed at the periphery The first point to be decided was, therefore, 
is the lower blood sugar curve, accompanying the high carbohydrate diet, 
due to increased peripheral removal or increased hepatic storage ? The 
more sugar removed in the peripheral circulation, the greater will be the 
difference between the sugar content of arterial and venous blood, so that 
the construction of simultaneous arterial and venous blood sugar curves 
might be expected to provide data for localising the site of abstraction 
We have given above our reasons for th inkin g that the A-V difference is a 
measure of the active insulin m the tissues, and thus the A-V curves also 
provide data for answering another question, namely, is the low curve found 
on the high carbohydrate diet due to increased peripheral action of insulin ? 
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If this is found to bo so till'll a third question presents itself with three 
possibilities Is the increased peripheral action of insulin due to increased 
suppl\, or to increased ncti\it\ of endogenous insulin, or to removal of 
some substance inhibiting insulin action » The first possibihh can be 
examined In stud\mg the actn it\ of injected insulin If this is found to be 
increased on the high carbohx drntc diet , as measured bj the rate of depression 
of tlie blood sugar, then the decision must hi between the last two possibilities 
This difficult point at present, admits of no direct solution but circumstantial 
evidence will be seen to suggest the conclusion that insulin both as injected, 
and as secreted In the pancreas, is normalh activated in the bodj by some 
unknown substance 

The problems stated aboxc hn\c been nucstigated by two methods 
Under each set of experimental diets, lugh fat and high carbohydrate 
rcspeitneh, detailed mines haxc been made of the blood sugar contents of 
capillar} and xenons blood after administration of glucose, and under the 
same dictarx conditions the rate anil degree of depression of the capillary 
blood sugar, aftir intravenous injection of a standard dose of crystalline 
insulin, hat. been measured These cur\cs will be referred to rcspcctixelv 
ns the “ nrterio-xcnous ” curves (A-V curses) and the “insulin depression” 
curves 

Methods 

Healthj joung men, ranging in age from 18 to 22, were used for the 
investigation As far as could he ascertained none had a family lust or v 
of diabetes melhtus, none had suffered from am serious illness, and at the 
time of lmcstigation neither signs nor sMnptoms of disease were present m 
anj of them For the reasons gi\cn below, thex were selected with special 
reference to t lie anatomical arrangement of the xems m their anti-cubital 
fossae and the shape of the lobes of their car* 

The subject was admitted to the ordinary ward and placed on the diet 
prescribed Strict confinement to hospital was not insisted upon, ordinan 
activities weic permitted, but vigorous exercise was forbidden Despite 
tins there is no reason to Hunk that nnx of the subjects supplemented their 
elict This could, to some extent, be cheeked as on the most irksome diet, 
that containing much fat, ingestion of earbohx drntc was speedih revealed 
by diminution of ketonuria 

Eacli meal was weighed, prepared and checked m the special Diet 
Kitchen of the hospital* If, on any occasion, the full amount of food was 
not eaten the matter was reported and a note made to that effect The 
diet was divided into three mam meals of equivalent composition which were 
eaten at G a m , 12 p m and 0 30 p m and a lighter meal containing the same 
proportion of the three foodstuffs which was given at 3 30 p m The actual 
composition of the diet foi any expeument is given m tcims of earbolix drate, 
piotem and fat at the bottom of cnch figuic It should be noted that tlio 
amount of protein in each type of diet was alw ays kept constant, and that 
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the subject was allowed at least five days m wlncli to become adjusted to 
any particular diet before any experiment was performed 

Before any test the last meal was taken at 6 30 p m the previous night, 
but water was allowed freely, save during the four hours prior to the 
investigation All experiments, unless otherwise stated, Mere performed 
at 10 a in In the sugar tolerance tests 50 g of glucose, flavoured with a 
little essence of lemon, were given by mouth in 300 c c of water and blood 
samples were taken both in capillary and venous blood In the insulin 
depression curves insulin solution was injected into the same point of the 
same vein for each test and capillary blood samples only were obtained 
As the sugar content of the blood in either the capillaries or the veins 
can be influenced by changes in the circulation rate to the part, every 
effort was made to exclude stimuli liable to initiate vasomotor reflexes 
Muscular action and changes m temperature of the environment are potent 
factors in producing such a redistribution of the circulation and precautions 
were accordingly taken against these sources of error The patient remained 
in bed until half an hour before the experiment was due to begin He was 
then brought into the laboratory, near the ward, and seated m a comfortable 
chair In this he remained until the end of the investigation and during 
that time the minimum of movement was allowed The effects of changes m 
temperature were guarded against by maintaining the room stcadj at 20° C 
by shielding the patient from draughts, and by protecting the exposed parts 
other than the face, with bght coverings By appropriate adjustments of 
clothing it was ensured that the patient did not feel either too warm or too 
cold Any effect resulting from the different temperature of the ward 
and the laboratory was permitted to subside by allowing the preliminary 
period of rest Before beginning any experiment it was ascertained that the 
ear of the subject was warm to the touch 


Venous blood was obtained from the veins m the antecubital fossa, 
at 6 to 10 minute and later 15 minute intervals In each subject every 
specimen of blood was withdrawn from the same half inch of vein m every 
experiment Comparison is thus possible between the different curves on 
any one subject The vein selected was the one that appeared to carry 
the most blood from the deep tissues An all-glass syringe of 1 c c capacity 
and a fine hypodermic needle were used The syringe was prepared by 
putting a knife point of powdered potassium oxalate in the barrel and 
greasing the plunger with liquid paraffin (B P ) When obtaining the 
specimen the patient’s arm was lifted on to the operator’s knee, a rubber 
and was held lightly round the limb at the upper end of the vein in order 
o prevent reflux of blood, the vein below the selected site was collapsed 
by the forefinger of the operator’s left hand, the needle inserted and 1/3 c c 

JL“° od , Xn ^ ( J rawn The whole manoeuvre occupied about 15 seconds 
13ns arrest of the venous circulation greatly facilitated rapid venepuncture, 

amountT ““ ,dered °7“6 to the rapid withdrawal of ihe small 

amount of blood required no alteration in composition occurred by reason 
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of stasis The exact time was noted tlio moment the blood entered the 
syringe Immediately after "withdrawing the needle the contents of the 
syrmgc w ere ejected into a w atch glass and the blood drawn -up simultaneously 
into two 1 cc pipettes Without this precaution agreement between the 
duplicate specimens was found to be unattainable by reason of sedimentation 
of corpuscles 

Frequent arterial punctuic being impracticable, experiments were 
carried out first m the effort to obtain specimens of capillary blood the 
composition of w Inch w ould approximate closely to that of arterial Foster(9) 
had shown that the Migai content of the arterial blood of the dog was almost 
identical m composition with that of capillar} blood obtained from the warmed 
pad Goldschmidt and Light (11) allowed m man that, after immersing the 
hands in water at C , the icms on the back of the hand yielded blood 



Tiff 1 Cnpillnn Wood sugar curve after fiO g of glue o^o The diets indicate the Wood sugar 
■v nines of lilood taken from the ear, the cm It s the sugar content of Wood taken from the pad 
of the finger after immersion in tenter at l r i° C 


the oxj gen content of which was identical with that of aitcrial blood It is, 
therefoi c, probable that m the rapid circulation through the warmed hand 
the blood loses as little sugar as it docs oxygen, and a sample of capillary 
blood from the finger under such conditions would bo equivalent to that 
taken dncct from an artery As it was inconvenient to use the finger and as 
ive had no evidence that warming the pait foi any length of timo did not 
exert a local influence upon sugar metabolism, an attempt to find a more 
satisfactory site of withdrawal was made by comparing blood from the 
warmed fingci and freely flowing blood from the lobe of tlio ear A young 
man with glycosuria was chosen for the test One hand was immersed m 
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■water at 45° C for five minutes before blood was drawn The finger tip 
was then rapidly dried with filter paper, the arm elevated and blood taken 
from the puncture As soon ns possible afterw nrds blood w as draw n from the 
lobe of the warm ear Specimens obtained m these ways were taken c\cry 
fifteen minutes for one and a half hours after the subject had taken jO g of 
glucose The results arc shown m Fig 1 It will be seen that the four 


resting blood sugar values agreed within the limits of error of the Hagcdorn- 
Jensen method and that the figures obtained in samples from cither source 
he within narrow limits of error, on the same smooth curve It was decided, 
therefore, that analysis of frequent specimens of freely flowing capillary 
blood from the ear would permit the drawing of a curve sufficiently repre- 
sentative of the sugar content of arterial blood for our purpose The 
following technique was, therefore, adopted 

Subjects were chosen the lobes of whose ears were slightly smaller 
than the average We had found that the most consistent blood specimens 
were obtained from this type The lobe was cleaned with a filter paper 
soaked in ether, a glass pricker bored upwards into the ear (Harrison (15)) 
and punctures made until the blood flowed freely The flow was allowed to 
continue for five minutes before any specimens were taken, it having been 
noted that specimens taken m that period show ed minor disci epancies The 
ear was then rapidly dned with an ether-soaked filter paper, a glass pricker 
dipped in oxalate, reinserted into the puncture, the first drop of outflowing 
blood wiped away and then the specimen drawn up into the pipette The 
procedure was repeated for every specimen, and one puncture usually- 
sufficed for the whole experiment 

In the A-Y curves capillary blood samples were taken every 6 to 10 
minutes at the commencement of the curve and every fifteen minutes later 
In the insulin depression curves every 1 1 to 2 minutes at the beginning and 
every 3 or 4 minutes towards the end Before the A-V curves were begun 
usually three specimens were taken for estimating the resting blood sugar 
level, before the insulin depression curves were begun four samples were 
a ways obtained It will be seen from the figures reproduced that by this 
echmque curves could be obtained m which all the points lay on a smooth 
curve For this reason it was considered allowable to connect the charted 
points with smooth curves, and French drawing curves were used for this 
purpose In our opinion the mutual correction of technical errors by 
frequency of sampling and the accuracy of blood sugar analysis, as shown by 
e agreement of duplicate estimations in venous blood, make possible the 
cons uction of curves of a sufficient degree of accuracy to allow significance 
to be attached to small variations in contour 

™ ^ T ® a( ^3 r be appreciated that m experiments performed, even on 

nsecutive days, the resting blood sugar value was not necessarily at the 
® Vel For Proses of comparing different insulin depression curves 

Was ad ° pted 5116 aTerage of the f(rar specunens 
taken before the injection of insulin was taken as the resting blood 
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sugar value Tins i aluc m the first experiment performed on any particular 
subject was regarded as the standard resting blood sugar level for that 
person Tho difference between tins figure and the average resting blood 
sugar concentration in an}' subsequent experiment was added to or subtracted 
from all i allies in that particular ini cstigation so that all the insulin depression 
curves charted for that particular subject commenced from the same point 
on the blood-sugar scale In the note at the bottom of each figure is given 
the standard value and the \aluc of the average resting blood sugar for the 
experiment under comparison O11I3 cur\ cs obtained from the same subject 
arc compared 



lnpli fnt dipt (II 1 1) ) (C r. r i , 1’ ‘to , 1 lt.0) nnd (2) m\ dm* on n lupli cnrliolndmte diet 
(II CD) (C OSS , ]* an , 1 12) (51\ c n-urm oi i urnxl durum tlu> te*«t on the high fnt diet 

For the ordinary depression curves the dose of insulin used was 21 
units of crystalline insulin solution* intrax enously This amount was chosen 
for scvcial reasons Fnstly, it did not, as a rule, produce hj poglycsemic 
symptoms Secondly, it did not depress the blood sugar to such depths 
that a violent compensatory lij pciglvcannia distorted the curve Thirdly, 
since it produced a distinct, but not maximum, depression it was more likely 
to reveal small variations m insulin activity than a large dose 

The blood sugai was estimated by the Ilagcdorn- Jensen method but 
instead of using cotton w ool for fillcimg off tho piccipitatc washed filter paper 

* I nm nuloblocl lo Dr T \\ Trmnn of tlio Wollconio l’h\ siologicnl RcNOnnli Laboratories 
for llio solution of orjstnllmo insulin 
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was used as recommended by Kramer and Stoner (10) No 680, X \ ^lnlo 
Label Schleicher and Schull papers were very satisfactorj The enror 
of the Hagedorn-Jensen method is usually given as + 2 mg P cr cc,lt > 
our results on the duplicate estimations of venous blood suggest that the 
Tor * nearer + 1 mg per cent Accurately calibrated blood pipettes 
^ere necessary it errors m them of 2% became manifest as corresponding 
discrepancies m blood sugar values Venous blood sampks ucrc aluays 
analysed in duplicate but this v as not possible m the capillar} or arterial 

blood samples 

T> rcirTtrc 


The A-V glucose tolerance curies 
The venous deviation and the venous step 

On consideration of Fig 2 it mil be seen that variations m the venous 
curve reflect corresponding venations in the cnpillary blood curie save m 
the initial phase of hyperglycsemia (Figs 3, 5, 6 and 7) "here the following 
sequence of events occurs Immediatclj nfter the commencement of the 
hyperglycemia the A-V difference increases, it then rapidly decreases and 
then once more increases again (Fig 3) The effect of these three variations 
is to produce m the venous blood sugar curve a deviation from parallelism 
mth the capillary blood sugar curve such that the venous curve becomes 
S shaped This irregulanty we have referred to as the “ venous deviation 
As this phenomenon is called into existence by the three consccutiie varia- 
tions in the A-V difference we have referred to these in relation to it as the 
first, second or third stages of the venous deviation On the advent of the 
third stage the venous sugar curve changes its direction abruptly so as to 
make a sharp angle mth the Ime it traced during the second stage The 
result is the production in the curve of a step the edge of which is directed 
towards the arterial blood sugar curve Depending as it does on the onset 
of the third stage this phenomenon is the essential part of the venous 
deviation and we have termed it the " venous step ” 

In Fig 3 the initial phases of the curves shown m Fig 2 are drawn on a 
larger scale The high carbohydrate curve in this case shows an unusually 
rapid immediate increase m the A-V difference, and as this depends upon the 
first venous blood sugar value after glucose (duplicate analyses 62, 62 
mg/110 c c ) a curve from another subject mth a more usual type °f first 
stage is given m Fig 6 A good example of the venous deviation on a high 
fat diet is shown m Fig 6, whilst in Fig 7 the venous deviations on the two 
types of diet are shown m a subject having the high carbohydrate curve 
characterised by a high initial peak The above curves are representative 
of the results obtained under the differing conditions of our experiments 
The presence of the venous step bemg a pomt of primary importance 
in the discussion of these results, the possibility that it owes its existence 
to an artefact must be considered 
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curve nt that particular time At the beginning, insulin action is dominant 
at the end, the glycogenolytic mechanism, and in the intervening time the 
tuo processes strive for ascendency We have found that, as a rule, 



Fig 1 Curxo obtained 1>\ plotting tlto cnpillnrv blood •uigar ing/100 cc ngnmat tho 
com. -)]inuditig VA n nto m tho oxjk runint on tho high fat iliot shown in Fig 3 



Fig 5 SiihjKt V A V * urv o after 50 g glut rvto v lion subject lincl boon for si\ dn\<? on high 
carbolic drat o diet (C tilO , 1* 00, I' 42) 

Fig 0 Subject IV A V t ur\o after 50 g glucose cc hen subject ltatl l>ecn taking for eight dacs 
a high fat diot (C 55 , P SS , F 100) 

glycogcnolj sis establishes its picpondcraneo earlier when tlic subject has 
been on a starchy diet oi received preliminary doses of glucose Thus m 
l ? ig 11, ujicn the subject vas on a high fat diet the fust sign that the fall of 
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blood sugar -was being opposed is shown, in nil three experiments, by a 
kickm tlie cun e at 15 minutes, but w hen the subject had rcccn cd preliminary 
doses of glucose, a kick appeared at 5 minutes (Figs 1G and 17) There is 
thus a tendency for compensatory liberation of sugar into the blood to mask 
the activit} of insulin on a high cnrbohjdrntc diet For tins reason, when 
it was desired to investigate the action on the blood sugar of different doses 
of msukn and to obtain ns complete a picture as possible of pure msulm 
effects it was necessary first to allow the subject to become stabilised upon 
a high fat diet (Figs 11 and 12) The shape nnd fall of the curve is so 
constant under the same conditions that practically supcrimposablc curves 



Fig 7 Subject H A V curves after 50 g glucoso after (1) cle\en do vs on lugli fnt diet (H F D) 
(C 55 , P 88 , F 202), and (2) tivche days on a high carbohydrate diet (H CJ) ) (C 659, 
P 88 , F 42) The high carbohydrate oury o is of the type characterised bj the high initial 
peak. 

are obtamed Reference to Fig 11 will indicate the degree of precision 
attainable when blood samples are taken by the above technique at such 
short intervals The 5 and 10 unit depression curves have been found to 
coincide and the slight difference m this case may be explained by the 
different degrees of initial hyperglycsemia provoked by the different doses 
This hyperglycsemia does not occur after injection of crystalline msulm 
but invariably occurs after the mtra venous injection of other preparations 
(Figs 11 and 12) 
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Figs 11, 12, 13, 15, IGand 17 show that immediately after the injection 
of insulin there is a short latent period in which no demonstrable fall of the 



Fig 8 Suliji < t III A V nine after 50 g of glucose Subject hncl been for nmo tlnva on n 
high fut diet (C 55 , P SS , r 202) Tins t\po of cur\o with two steps vriu. obtained in 
all m\ glucose tolerance cun os performed on this subject 



TIME IN MINUTES 

Fir 0 Subject IV Effect of administration of 50 r glucose and 45 seconds later 21 units 
of cn\ st \ i i inf insulin solution Subject had been for sixteen daAs on a high fat diet 
(C 55, I’ 88, F 100) 

blood sugar is detected In Fig 13 is recorded the effect on tho blood sugar 
of two injections of 21 units of crystalline insulin solution given intravenously 
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at an interval of 13 * minutes A latent period will be seen to occur after 
each injection The experiment demonstrates that this latency of insulin 
action occurs even when the organism is already under the influence of that 
substance In every ease the latent period is followed In a phase m which 
the blood sugar falls with increasing a elocitj to reach its maximum point 
of depression The significance of these obsen ations wall be discussed later 
In Figs 11 and 12 the effects on the blood sugar lead of different doses 
of insuhn are demonstrated It is show n that the tune at aalnch the lowest 
level of glycaemia is reached is practically independent of the dose of insulin, 
and also that above a certain maximum dose (”> units in Fig 11) increasing 
the amount of insulin injected neither shortens the latent period nor 


u 



Kg lo Curio obtained by plotting tlio cnpillan blood sugar mg/100 cc against tlio corres 
ponding A V difference in tbo experiment recorded m Fig 9 


accelerates the rate of depression (Fig 11) Bcloav this maximum dosage 
increase m the amount of injected insuhn shortens the latent period slightly 
an increases the velocity of depression considerabty (Figs 11 and 12) 
inese two figures also show that the degree of fall of the blood sugar is not 
directly proportional to the insuhn dosage 

. * lg 14 re °°rds the changes m the A-V difference following the injection 
° n f™ ts + 0f ordinary insuhn (non-crystalline) It will be seen that tlirough- 

was befoST t r° d the A “ V dlfferenCe remams practically the same as it 

the S i? TraS mjected and that m the phase of increasing depression 
difference increases with accelerated velocity 

th R ntil 15 sh ° Tr ® 1Ilsn J m depression curves obtamed, the one on a high fat 

Ste of rn Ztf u“, b ° hydrate 4,61 1116 <?<*■'•* top and the accelerated 
rare ot lall under the latter regime are well shown 
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As can bo seen m Fig 2 the diet containing much carbohydrate is also 
associated with a small degree of hypcrglyctemia Hamman and Hirscliman 
(14) showed that if two consecutive tolerance curves were performed the 
second was lower and shorter than tho first Staub (29) and Foster (9) have 
also imestigated this phenomenon It was accordingly determined to 
obsei vc the insulin depression curve after previous administration of glucose 
The phenomenon reported by the above authors was first confirmed on 
the subject Previous to tins investigation all experiments had been 
pci formed nt 1 0 a m and it w as necessary first to perform a control experiment 
show mg that the depression cun c at 2 p m was not materially different from 
that at 10 a m Our result showed a very slightly accelerated depression 



n K 11 Subject III Insulin depression cun os after 10 and 5 units of ord.nnn insulin «md 
nppro\unntol\ 2 units of cn, tnll.no insulin nil performed uluLst the subject was taking a 
high fat diet (C -,r. , r 8S , F 202) Tl.o 10 unit cuno was performed after tlio si.bject 
had been on tins diet for 15 dins tl.o 5 unit cuno was taken two dnvs later and tho - un. 
cuno ono <1» after tins Standard resting blood sugar 10 unit cun* * cc 
A\ crago rest mg W sugar, 5 unit cun o, SO mg/100 o e , 2 nut eon o, .8 mg/100 c c Olio 
shaded rectangle represents tl.o time during which lnpogljomm.c sMupionu. wore obsor cd 
„»l 10 L. ^ The ..mo of - about 37 »»».«« • > 

After 5 units the hj mptoms censed apontnneoush about 44 minutes but after units j 
uoro so ro\ oro that tboi woro cut short nt 41 minutes bj gi'mg g ucos 

»t * P» Alter 140 g of glucose 

“V 1 » ,» lower tltanthe — 

curve lor this pat, cut at that tune The ™r 0 note that thrs is the ouly 

at 2 pm is showm m Fig 16 It is wormy cm. u 
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occasion on which symptoms of hypoglyercimn have developed after 27 units 
of insulin A further experiment was performed in which 50 g of glucose 
were given at S 35 pm, 12 am, 2am, 4am, 6nm and insulin (2* units) 
injected at 10 a m The result is shown in Fig 17 Potentiation is there 
but is less pronounced than in the first curve It should be noted that the 
subject’s sleep was not materially affected by these frequent nocturnal 
draughts and that these two experiments were performed on the same subject 
but have been repeated on other individuals 


The effect of diet upon the glucose tolerance curie and upon the insulin 

depression curve 

In Pig 2 are shown the A-Y curves of the same subject on a high fat 
and on a high carbohydrate diet The difference in the degree of hj’per- 
glycsenna under standard conditions after 50 g of glucose is well shown 
In this particular case the caloric value of the high fat diet was low er than 
that of the high carbohydrate diet but the same variation m tolerance was 
obtained in experiments when the caloric values were approximately the 
same The majority of the high carbohydrate curves were of the “low ’’ 
type shown in Pig 2 but another variation has been encountered (Fig 7) 
In this type the curve rises rapidly to the neighbourhood of 180 mg/100 c c 
then falls rapidly to hypoglycsemic levels and contmues at low figures The 
subject who gave this latter curve showed the usual high and prolonged 
hyperglycemia on a high fat diet 

Figs 3 and 7 show that on the high caTbohj drate diet the venous step 
occurs earlier than on the high fat diet Fig 15 shows that the same dose 
o insulin exerts a more rapid and greater effect upon the resting blood sugar 
w en the subject is on a starchy than when on a fatty diet Thus a more 
rapid development of the venous step occurs under the same conditions as 
ose which occasion a greater degree of activity of the injected insulin 
n a high carbohydrate diet our subjects showed a greater capacity to 
deal with sugar than on a high fat diet, for on the latter diet the various 
investigations gave results which tended to approximate quantitatively 
to the findings in diabetes, whilst on the former diet the tendency was m 
e opposite direction On the high fat diet the approximation to the meta- 
bolic findings m diabetes was demonstrated by the presence of ketone bodies 
m the urrne, and by a diminished tolerance for carbohydrate revealed by 
the occurrence of glycosuria and abnormally high blood sugar curves with 
a small A-V difference, after oral administration of glucose The contrast 
was shown on the starchy diet by the continued absence of ketonuna, and 
° f ? UC0Se ^ the absence of glycosuria, the lower degree 
&nd the develo P ment > at lower blood sugar levels, of a 
dlderence , ^ he seen that under the conditions of our 

todeal wifhmi 1 p e ^ P r t ! UCtl0n ° f &n mcrease m the abllit y of the subject 
m H* « 0 tmty g o£ tt? aSS0,aated Wrti “ apparent mcrease 

l 
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Discussion 

The significance of the insulin depression curve 

Immediately after the injection of insulin tlicie is a period during 
w Inch no depression of the blood sugar can be detected The question 
anses as to the cause of the latent period Is it due to insulin requiring 
this tunc to icach its site of action in the 1 issues , or is it due to the injected 
insulin being mactnc when it leaches the tissues and requiring this time to 
dei clop its activity ? If the first nr these two conceptions is correct then 
there appear to be three possible explanations The first is that insulin 
may not lunc been distributed through the circulation the second, that 
before insulin can act it must diffuse into the cells and the latent period 
lcpiescnts the time taken for tins penetration , the third, that insulin may 



r,(f 12 bubjut I\ Insulin depression curxcs nftcr 5 mul 2* units of crxstnllino insulin 
solution S unit nine iifUr cUm.ii dnxs on 1iii.1i fnt diet (C 55 , 1’ SS , 1 100) , 21 unit 
i ur\ e two dux s Inter btnudiml resting blood sugar, 5 unit curve, SC mg/ 100 c c Axerago 
n sting blood sugar, 2 A unit turxo, S') mg/ 1 00 c c Tlio blinded rectangle rt presents the 
duration of lix poglx etunne sxiuptoiivs nftcr r > units of insulin 

Jia\c been held up in some ccntial oigan, such as the livei, changed tlicie into 
an act n e fonn and time taken in this wa"s 

The following considciations negate the first possibility When insulin 
pi eparations othci than a solution of the crystalline produce arc injected an 
initial hy peighcamim occurs (Fig 11) This phenomenon is more marked, 
after the injection of the same picpaiation of insulin, when the subject’s 
glycogen stoics liaAC been filled by a diet uch m carboliy drates than when 
they aic at a low lc\ el aftci a diet consisting mainly of fat The hypei- 
glyciemia, tlierefoic, piobably indicates liberation of glucose from glycogen 
As insulin was always given intra\ tnously the glycogenolytic impuiity must 
ha -vo been lianspoited by venous blood to the licait, by arterial blood to the 
glvcogen stoic, glucose libel ated fiom hcie into the venous blood, earned 
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back to the heart and redistributed m the general circulation before the 
hyperglycteniia could be detected m the capillary blood This rise of blood 
sugar can be demonstrated 111111111 tw 0 nnnutes and so there is no doubt that 
insulin itself could have been distributed throughout the vascular si stem m that 
tune (Fig 11) Yet the latent period may last as long as 8 or 10 minutes (Fig 13) 
If the second possibility, that this period represents the time of diffusion 
of insulin into the cells, is correct then one irould expect that, if the 
concentration of insulin in the blood were increased by injecting larger 
amounts of insulin into the circulation, diffusion uould be accelerated and 
the latent period correspondingly reduced Fig 11 shows that when 5 or 
10 units were injected the latent period remained the same 

The third possibility, that insulin may be changed m the liver is disproved 
by the work of Mann and Magath (22) and Burn and Dale (5) showing 
that msulm acts peripherally m the absence of the liver, and by the 
experiments of Frank, Noth maun and Wagner (10a, 10b) showing that 
after intra-artenal injection of msulm the A-V difference is most marked 
in the limb supplied by that artery 

The first conception, therefore, fails to be satisfied by any of the three 
possible explanations 

Fig 9 shows the effect of simultaneous administration of 50 g of 
glucose and 21 units of cryslallme insulin It mil be seen that the msulm 
did not exert its action sufficiently rapidly to restram an initial alimentary 
hyperglycajmia At the commencement of the paper, reasons were put 
forward on which the assumption that the A-Y difference is a measure of the 
active insulin m the tissues, was based Fig 14 demonstrates that during 
the latent period there is no increase in the A-Y difference, 1 e , that during 
this period there is no increase in the concentration of active msulm m the 
tissues 

It appears then that the second conception is tenable that after 
insulin injection this period of unaffected blood sugar level represents the 
time which injected insulin requires to develop detectable activity after it 
has reached the tissues 

The demonstrable fall of blood sugar commences at the end of the latent 
period and proceeds with increasing rapidity The action of msulm upon 
the blood sugar, therefore, is one which proceeds with acceleration of velocity 
and can be represented by the curve shown m Fig 18 It is necessary at 
this pomt to consider the results obtained when different doses of msubn are 
injected intravenously The two sets of results, shown m Figs 11 and 12, 
were obtained each on different subjects, both of whom were on a high fat 
e All the experiments m both cases were performed within a few days 
of each other and under exactly the same conditions In Fig 12 the effects 
of -1 units and 5 units of crystalline msubn solution upon the resting blood 
sugar of subject IY are shown , m Fig 11 the effects of 5 and 10 units of 
ordinary msubn (Wellcome Brand, Hospital packing), and of a solution of 
crystalline msubn containing between 1 and 2 units, upon subject III are 
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demonstrated Fig 14 shows the effect under identical conditions of 15 
units of ordinary insulin (drawn from the same phial as used for subject HI) 
upon subject II, and the latent period, into of fall, and depth of depression 
nro identical with those obtained on the 10 unit curie in Fig 11 In Fig 11 
it is shown that the maximum depression with 5 units is 45 mg/100 cc, 
with 10 units 52 mg/100 c c and, m Fig 1 1, a dose of 15 units produces a 
fnll of approximately 50 mg/100 cc Fig 12 gnes Dio fall with 2? units 
as 27 mg/100 c c and with 5 units as 10 mg/100 c c It appears, therefore, 
that if a certain amount of insulin produces a fall from a definite resting blood 
sugar lei cl of a particular dcgicc, then more than double that amount of 
insulin will be required, under the same conditions, to produce double that 



1 if? 1J Subject VI Insulin depression tune showing tlio effect of two consent no doses of 
2A units of < rvhtnllmo solution, tho second dose being gnen 13$ minutes nfter tlio first 
Tor t\\el\o dnvi pro\ioml\ tho subject had been taking a high fnt diet (C 66, P Si, F 
o »;5) Tho broken cuncs show tho effect of n single do«o of 2$ units nnd of 5 units of 
cnstnll.no insulin solution on tho snmo subject These latter eunes were obtained under 
tho same conditions ns m tho former experiment but during n previous sin J m hospital 
Tho shaded area represents tho time during winch hvpoglj crom.c sMnptoms were obsened 
nfter tho second doso of 2$ units of insulin 


degree of dcpicssion Tho lowest blood sugar we have recorded was 3- 
mg/100 c c m venous blood and accoidmg to Somogyi (-8) the non-feiment 
able reducing substances of blood have a value of abmitllus figure The 
depression cmve after 10 units (Fig 11) fell to 39 nig 100' 
stnee little fei mcntablc sugar can have remained m tho blood It is nc 
surprising thcrefoic, tliat there is a maximum doso of msnlm apparently 
about 10 units, beyond which no mcieaso can produce a greater degree of 


depression 
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It is of more significance that wlulst increasing the dose of insulin up 
to a certain maximum accelerates the rate of fall, further increase neither 
shortens the latent period nor accelerates the lowering of the blood sugar 
(Pigs 11 and 12) In Pig 11 it will be seen that increasing the dose from 
5 to 10 units produced no acceleration of depression nor diminution of the 
latent period, and Pig 14 shows that no greater effect was secured by using 
15 units There thus appears to be some factor other than the amount of 
insulin available which limits the rate of depression, and the nature of this 
limi tin g factor must now be considered 

Despite the observation that increasing the dose of insulin bcj r ond 
a certain maximum neither shortens the latent period nor accelerates the rate 
of depression, m the experiments shown in Pigs 15 and 17 the latent period 
has been shortened and the rate of fall has been accelerated bj r feeding large 
quantities of carbohydrate Thus the unknown factor hmitmg insulin 
action is susceptible of alteration 

This observation is the more striking because of its paradoxical nature 
By previous and prolonged administration of carbohydrate the glycogen 
stores must have been augmented (Hynd and Rotter (18)), yet despite the 
fact that the very depots to which blood sugar is removed are relatively 
full of carbohydrate, the blood sugar is removed more rapidly under the 
action of insulin than when these depots are relatively empty after a diet 
containing little carbohydrate and much fat 

In considering these results it must be remembered that our data are 
confined to observations on the rate of removal of the blood sugar Variations 
m this rate may be caused by alterations m one or two broad ways Pirstly, 
the mechanism by which sugar is abstracted from the blood may be rendered 
more efficient so that m response to the same amount of insulin, sugar is 
removed more rapidly under one set of conditions than another Secondly, 
insulin itself may become more efficient, so that under one set of conditions 
at any particular tune after injection, the blood sugar concentration may 
indicate the same effect as if a larger dose had been injected under another 
set of conditions The hmitmg factor, therefore, may act either on the 
mechanism for removal of sugar, or on insulin itself The former possibility 
will be considered first 

There are two obvious hypothetical ways by which the action of the 
mechanism for removal of the blood sugar may be limited There may be a 
limit to the rate at which sugar can be removed from the blood , there may 
be a lag m bringing the abstracting mechanism into action 

The first hypothesis explains easily the observation that increasing 
the dose of insulin above a certain maximum does not accelerate the rate 
of fall of the blood sugar, but it gives no explanation of the fact that increasing 
the agent which results m the removal of sugar, namely msulm, does not 
proportionately shorten the latent period when the blood sugar is not being 
withdrawn at all (c/ Pigs 11 and 12) 
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On the leg hypothesis delay inn}' occur m at least two places There 
may be dcla*\ in the transfeicnco of sugar from the blood to the cells, or 
there may be delay at the stage m winch the free intracellular glucose is 
changed into another form, this causing a dependent dclaj m diffusion of 
sugar from the blood into the cell The former altcrnalnc will be considered 
first 

We know that insulin acts pcnphernlly In Pig 11 it can be seen that 
after injection the A-V difference markedly increases At 15 nuns the 
“ arterial ” blood sugar lias fallen 22 mg/ 100 c c and the A-V difference has 
increased 1>\ 25 mg/100 c c ft, therefore, appeals probable that the major 
portion of the sugar iemo\cd from the blood mulct the agcnc\ of insulin, 
is frnnsfcied to the sWenuc ti-sues As far as we know insulin docs not 



TIME IN MINUTES 

Fig 1*1 Subject II A V insulin dopre-Mon rune with 15 units of ordman insulin after 
subject htul l>oon for som>ii dm a on n lugli fat ihct (C 55 , T SS , F -0-) The shaded 
area shows the time during which licpogh cremic mmptoms were ob.cn cd Glucose was 
gi\cn at 31 minutes 


act m the blood stream but m the cells, so that changes m concentration 
of sugai m the tissues must ncccssanly precede changes m concentration 
of sugai m the blood Now hypoglycemic s^ mptoms occur when the Wood 
sugar is low and arc almost certainly related not to the level of blood 
sugai but to the lei cl of sugar m the tissues If thcicfore, tlieio is * k g 
in the removal of sugar from tlio blood to the tissues liypoghceimc^ rnptoms 
should preccdo tlic tune of maMimim depression of the Wood sugai 
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twelve experiments in which hvpoglj camnc symptoms were produced they 
invariably occurred after the maximum depression time Figs 11, 12, 13 
and 14 mil suffice to illustrate tins point but further results bearing on the 
peculiar discrepancy mil be brought forward liter It is improbable, there- 
fore, that there is a lag m the actual transference of sugar from the blood 
to the cells 

The second alternative of an intracellular lag is disproved bj' the 
experiment shown in Fig 13 In this experiment two doses of 2’ units of 
crystalhne insulin solution were given intravenously, the second dose 13 1 
minutes after the first It will be seen tliat the second dose was injected 
mto the circulation at the time when the first dose was exerting a marked 
effect on the blood sugar Now if there is an intracellular lag the first 
dose has, at the time of the second injection, overcome this obstacle to the 
storage of the blood sugar, and, therefore, the second dose should depress 
the blood sugar immediately it is injected, l e , there should be no latent 
period It is found, however, that after each dose there is a definite latent 
period approximately S minutes after the first dose and 10 mmutes after the 
second The lag hypothesis appears, therefore, to be untenable and the 
observation that in this experiment a latent period occurs after each injection 
of insulin pomts to the conclusion that this latent period is definitely referable 
to some characteristic of msulm action 

From these considerations it would appear improbable that the unknown 
factor acts on the mechanism by which sugar is abstracted from the blood, 
and consequently, variations in the rate at which the blood sugar is removed 
after injection of msulm are not attributable to variations m efficiency of this 
abstracting mechamsm It remains to consider the possibility that the 
unknown factor acts on insulin itself 

After injecting msulm the change m the blood sugar, in the early part 
of the depression proceeds as shown m the curve of Fig 18, and as the blood 
sugar level remains unchanged until insulin is injected, then this curve must 
also represent the development of the action of msulm The unknown 
factor, therefore, limits the rate of development of insulin action in accordance 
with the reaction curve of Fig IS From this pomt of view this factor may 
be one of two things It may either be an inhibitor, which is removed after 
msulm injection with mcr easing velocity thus permitting msulm to manifest 
an increasing effect, or it may be an activator which reacts with injected 
msulm to produce an active product, the reaction of activation occurring 
with accelerating velocity 

If the factor is an inhibitor then its removal must be brought about 
through the action of the msulm injected This bemg so, then the injection 
o large doses of msulm should produce a more speedy removal, with the 
result that the action of insulin on the blood sugar would be manifested in a 
shorter time and at a greater rate This has been shown not to occur 

ti ut j, the latent P enod ls du « to the presence of an inhibitor once 
tlie blood sugar commences to fall the major portion of the inhibitor has been 
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removed and the injection of a second dose of insulin should result in an 
immediate further fall of the blood sugar, i e , there should bo no latent 
pcnod after the second injection Fig 13 shows this is not so The 
conception of the unknown acting as an inhibitor of insulin appears, therefore, 
to be improbable 

If the factor is an activator, then activation must occur in accordance 
with Fig IS Tins reaction curve suggests the analogy of tho autocatalytic 
activation of trypsinogcn by enterokmase, and all the results discussed can 
be explained on the basis that insulin is activated by the unknown factor 
in a similar mannei 

A further consideration of Figs 11 and 12 will reveal the important 
result that the maximum degree of depression is reached at approximately the 
same time aftei injection of insulin whatever the dose administered, and 
w hater ei the depth of depression The lowest point of all the curves m 



l<it? 15 Sulypfl III Insulin dopro^inn ciinc (2J units mstnlhno insulin solution) 

(1) after ctf.lt! dins on n high f«t diet (C 5C, P 87 , F 255) Standard resting blood 

sugnr 90 ing/JOO ft 

(2) nftcr thirteen dn\s on n high cnibolrs cirnfo diet (C 059, I* 90 , F 42) 

A\ erngo routing blood sugar 84 inp/100 c c 


Fia 11 occurs fiom 32 to 35 minutes and in Fig 12 from 23 to 2G minutes 
Further it will be seen that the latent pcuod m each set of curves is o 
appioxuuntcly tho snino duration Appnicntly the time lequued by 
insulin to manifest detectable activity, and to attain a maximum effect on 
the blood sugar is independent of tho dosage We have previously noted 
L bdl a ccrtain maximum dose the degiee and rn to of depression is 
influenced by the amount of insulin gnen whilst above this maximum dose 
such influence is absent The above and tho previously discussed results 

of (ho action of an aohvato. may bo oxptacd 

m the following way 
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The observation that increasing the dose of insulin above a certain 
maximum does not accelerate the manifestation of insulin nctmty, is ex- 
plained on the grounds that the amount of actnc insulin produced per unit 
of time is limi ted by the concentration of actuator present m the tissues, 
any excess of insulin remaining temporarily outside the scope of the reaction 
The maximum dose of insulin is the amount required to bring into action all 
the activator present m the tissues Doses below the amount leave a 
relative excess of activator outside the field of reaction and this excess 
reveals its presence only when larger doses of insulin arc injected Hence 
below the maximum dose the rate of depression of the blood sugar may be 
increased by increasing the amount of insulin injected The latent period is 
explained by the nutocatalytic nature of the reaction, and the constancy of 
the maximum depression time by the percentage conversion rate of insulin to 
active substance being determined by the concentration of activator present 

Thus the hypothesis we arrive at, from a consideration of the insulin 
depression curves, is that insulin is activated by an unknown factor in an 
autocatalytic manner, and that m this reaction insulin behaves as a substrate 
and the unknown as a kinase 

Significance of the venous deviation and the venous step 

The venous deviation is produced by a sequence of variations m the 
A-V difference The phenomenon is made up of three stages , in the first 
stage the difference mcreases, in the second decreases, and m the third 
rapidly mcreases agam (Pigs 2 , 3 , 4 , 5 , 6 , 7 and S) 

On examining the first stage it will be seen that the A-V difference 
mcreases roughly m proportion to the rise m capillary blood sugar (Fig 4 ) 
In a previous paper (Himswortk ( 1 G)) it was suggested that the glucose 
in the blood and the active insulin m the tissues bear a relationship to each 
other which conforms with the Mass Action Law A corollary of this theory 
is that increasing the glucose in the blood, whilst the active ins ulin concen- 
tration is maintained unchanged in the tissues, will cause an acceleration 
of this reaction velocity, with a resulting increase m the rate of removal of 
glucose from the blood, i e , the A-Y difference will become greater It is 
suggested that the greater A-V difference m the first stage can be explamed, 
not by a raising of the concentration of active insulin in the tissues but by 
the acceleration of interaction with the same concentration of active lnsnliu 
which was present before glucose was given 

In the second stage we see the A-V difference diminish despite the 
continued rise of blood sugar In the first step m Figs 9 and 10 the artificial 
production of a venous deviation by the simultaneous administration of 
insulin and glucose is shown By comparison with an insulin depression 
curve on the same patient, it can be seen that at the same timp. t ha t the 
action of insulin wanes m Fig 12 , diminution of the A-V difference is occurring 
m ig 9 This supports the deduction, presented at the commencement of 
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Hus paper, Hint tho A-V diiTcrencc is an index of the concentration of active 
insulin m the tissues, and it appeals allowable to conclude that the second 
stage of the venous deviation is produced bj r a rapid depletion of the active 
insulin originally present m the tissues Hyperglycamua appears to occasion 
the more rapid utilisation of tissue insulin 

The first tv o stages can, therefore, be explained as manifestations of 
the active insulin concent lation present in the tissues vhen the glucose 
•was gi\cn, and so fni there is no evidence that the concentration of active 
insulin is being increased, at the periphery, at a faster late than vas occurring 
before hypcrglj cenna was produced 

The third stage is characterised by a sudden increase m the A-V 
diiTcrencc, an increase so rapid that m some cases (Fig S), despite the con- 
tinued absorption of glucose, the sugar content of the arterial blood is drawn 
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doun to lover levels There appears to be no other explanation than that 
at tins stage thcic occuis a rapid augmentation of the concentration of 
actn c insulin picscnt m the tissues The question nov arises as to vhy this 
increase is delated until the time of onset of the thud stage 

The most obvious explanation is that insulin is not secreted until tins 
point Zuirv and la Barrc (33) and Grnfe and Meythalcr (12) have shown 
that a l iso of blood sugar stimulates the panel eas to secictc insulin Unt it is 
extremely difficult to accept any viev vluch implies an explosive secretion 
of this substance m icsponse to hyperglycemia On reference to Tigs 2 
and 3 it will he seen that, vlulst the venous step occuis m both curves, the 
capillary blood sugni, tluoughout the high carbohydrate curve, never attained 
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that level which on the high fat diet corresponded to the third stage of the 
venous deviation The third stage does not, therefore, appear to depend 
upon any fixed critical lc\ el of arterial liy pergh cjcinia An explanation that 
has been suggested of the low curie after glucose, on the high carbohydrate 
diet, is that the ingestion of large quantities of carbolndrntc has sensitised 
the insulin secreting mechanism to the stimulus of hyperglycemia An 
objection mav, therefore, be raised to the conclusion draw n from Figs 2 and 3 
on the grounds that the critical level of blood sugar initiating insulin secretion 
has fallen under the stimulus of cnrboliy dratc feeding But w e also possess 
another two curves from the same subject, under slightly modified conditions, 
the one upon the high fat diet and the other upon the high carbohydrate 
diet In the high fat curve of Fig 2 the capillar's blood sugar rose GO mg 
from the resting level before the third stage of the step appeared , m the 
second, (unrecorded) high fat curve this stage was reached when the blood 
sugar had risen only 25 mg In the high carbohydrate curves the level 
rose 15 mg m both cases In two other high fat curves on Subject II this 
same result was obtained Xone of these experiments indicate that the 
degree of hyperglycemia bears any relation to the development of the third 
stage 

A further pomt against a sudden secretion of insulin is that at no other 
pomt m the A-V curve is there a divergence suggesting a marked variation 
m the active insulin concentration in the tissues After the step the venous 
curve follows and reflects the capillary blood curve (Fig 2) so that finally' 
a gradual convergence occurs which again brings the A-V difference to 
approximately normal values 

On general grounds it appears improbable that insulin is secreted only 
when a definite degree of hypergly ccemm has been reached The gradual 
rise of blood sugar following pancreatectomy' demonstrates the importance 
of the pancreas m maintaining the blood sugar at a constant level, yet if 
insulin secretion only occurs at a critical level of hyperglycsemia, periodic 
variations in glycsemia m the mtact animal would be inevitable Further, 
the blood sugar is known to remain remarkably constant during exercise 
Carbohydrate is burnt under these conditions, and as the liver glycogen 
becomes depleted, glucose must have been removed from the blood We 
have brought forward evidence (tide supra) that, when increased abstraction 
of blood sugar is occurring, the tissue insulin concentration tends to fall at a 
more rapid rate Artificial restriction of tissue insulin, as by pancreatectomy, 
occasions hyperglycsemia and as the blood sugar does not change during 
exercise, it would appear that despite the depletion of tissue insulin, the 
appropriate concentration of insulin is maintained in the tissues m the 
absence of the stimulus of hyperglycsemia 

Thus from our results and on general grounds, it appears unlikely that 
insulin is secreted intermittently and much more probable that it is given 
out continually but, during increasing hyperglycsemia, at a gradually in- 
creasing rate In this case insulin must have been secreted during the first 
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and second stages of the venous step and yet have only manifested its action 
at the third stage The increase m the A-Y difference here is much too 
abiupt to he explained on the grounds of progressively increasing secretion, 
and this sudden burst of activity would appear to signify that, at the time 
of the third stage, the insulin pieviously secreted rapidly developed its 
nctivit}' 

From the arguments just discussed the onset of the increasing rate of 
seciclion may be taken as the tune at which liypcrglj cantua first appears, 
and for practical purposes this can be regarded as coincident with the 
ingestion of glucose If ncwl}’ secreted insulin requires time to develop 
its activity then there should be some relationship between the time of onset 
of tlic increasing secretion and the development of the third stage This 
relationship we liaic shown to exist The step occurs at a definite but 
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slightly inning tunc after glucose has been taken, and tins time is practically 
constant on any particular diet 

The observations Unis suggest that the time before the venous step 
appears is the time required for msulm to develop ^^able actmty 
AVit is considci cd that insulin has been secreted during the first and second 
f^ooHhoL,', then .ho development of echvrty < of the nouly secreted 
insulin must hnve proceeded ,u.h morons, ng vdomty end hen the 
concentration of tlic active product became sufficient ly high » 
it rapidly became manifest and the third stage o , — , tj. 

„„Z„, Tims I he clivdy develops ns shorn. by the curve of hig 18 It 
ftppenrsf .licrcfoi e.tlmt development of nolrnty of endogenous msulm ,s 
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mted by some unknown factor Fig 3 and Fig 7 show that the venous 
ep appears earlier on a lugh carbolij diatc than on a high fat diet, i c , 
e activity develops earlier m the former than in the latter The similarity 
itwcen these results and those obtained on the insulin depression curves 
apparent, and the nature of the unknown factor as deduced from the 
>nous step again admits various possibilities 

The increase in the A-Y difference m the first stage demonstrates that 
lere is no factor causing a lag m the removal of glucose from the blood to 
ie cell and we are left with the possibility that the step may be produced 
f the burning off of an inhibitor or by the activation of insulin bj r some 
oknown factor 

An appearance similar to the venous step would be produced if a wave 
E inhibitor substance entered the blood soon after the taking of glucose 
his conception, however, receives no support from the insulin depression 
urves Assuming insulin to be m an active state when secreted, and 
cceptmg the explanations given of the first two stages of the venous step, 
len a more feasible adaptation of the inhibition theory is that which was 
pplied to the insulin depression curves, namely that the inhibitor is present 
l greatest amount at first and is progressively removed so that insulin 
lamfests an apparently increasing activity If the greatest concentration 
f the inhibitor exists before the giving of glucose, then its greatest effect 
iould occur m the first stage But at this stage is found an apparent decrease 
l inhibition, i e , the A-Y difference increases It may be considered, 
owever, that although the largest amount of inhibitor is present before 
lucose is taken, it cannot be sufficiently large to inhibit completely the 
etion of insulin already present in the tissues as, at this pomt, an A-Y 
ifference exists Any increment of insulin will, therefore, manifest itself 
s an increase m the A-Y difference It is very difficult to imagine a rate 
f secretion of active insulin which is such that it will permit an increase m 
he A-Y difference m the first stage, and yet m the second stage, when the 
ihibition is being rapidly removed, be insufficient to maintain the A-V 
ifference in spite of the concomitant utilisation of insulin 

Although the final decision as to the presence or absence of an inhibitor 
lust await the isolation of the activator, the above circumstantial evidence 
reighs against the theory of insulin inhibition The conclusion arrived at, 
herefore, both from a consideration of the insulin depression curves and the 
enous step is that an unknown factor exists which activates insulin, the 
jaction occurring according to Fig 18 

For convenience of discussion it has been assumed that the activator 
cts on insulin but it will be seen that it can exert its action m at least one 
f three ways It may act as an addition to ins ulin , it may prepare glucose 
ir insulin action , it may activate insulin 

If it acts by addition then the third stage of the step indicates its 
udden outpouring into the tissues The arguments against the sudden 
ecretion of insulin are equally applicable against the sudden secretion of 
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must conform 'A?'? ^ I> le P""n S gh'ooso for >n S „lm, then th» roactmn 
:r« T T1 " th . VP ° Bh °" n m Pj S 18 nncl although this explanation 
Mil fit the venous step it is difficult to see what stimulation wouldoccasion 

? t l n nCtl ^5 or of S Iucose ln insulin depression curves or 
n 3 , cll ' ntcfl Slncosc being necessarily always present m the tissues 

there should be any latent period after insulin injection It is probable’ 
thcrefoic that the activator acts oil insulin, and the name “ msukm-kinase " 
has been tentatively proposed for the unknown, (Himsworth (17)) 



1 ig 18 Cur\o illustrating the rate of tkn elopnieiit of insulin nctmtj 

To suminausc these considerations we put forwaid the following 
hypothesis — 

(1) That insulin as picparcd fiorn and as secreted by the pancreas, is 
an inactive substance which requires activating by insulin-kinase 

(2) Tins inaction piocceds m an nutocatalytic mannci and consists of 
the action of this kinase on the substrate msulm 

Aj)phcnhon of the hyjwlhcsis 

Hefei cnee has been made to the observation, and a confirmatory 
cvpciinient dcsciibcd, which show’ed that a subject’s tolcianco for sngai 
mci eases nfter successive doses of glucose Tins lias usually been attributed 
to an mci easing sensitisation of the msulm secicting mechanism In Figs 
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1G and 17, however, it is shown that under these conditions there is an 
increased sensitmtj to insulin itself, and, therefore, an increased concentra- 
tion in the tissues of insulin-kinase must play some part m the progressive 
reduction of alimentary hyperglycamna 

The results obtained after administration of high carbohydrate diets 
show that more of the activator is available under these conditions than v lien 
a high fat diet is fed The greater effect of each unit of insulin in the fasting 
state indicates the persistent presence m the tissues of a greater concentration 
of msuhn-kmase The more rapid development of the venous step signifies 
the more rapid production of active insulin from the islet secretion and this 
agam pomts to increased kinase concentration m the tissues And the 
restriction in the height and length of the hyperglycamna curve indicates 
that after the step all the insulin secreted is activated at this accelerated 
rate 

If the total A-Y difference is measured in the two types of tolerance curve, 
it will be found that whilst one would evpect a much greater A-Y difference 
on the high carbohydrate diet than on the high fat, they approximate verj 
closely In Fig 2 the area enclosed by the capillary and the venous blood 
sugar curves is approximately the same m both diets As we have stated 
that the fundamental assumption we make is that the A-V difference is a 
measure of the active insulin in the tissues, these results appear to be at 
variance with our previous conclusions, namely, that on a high carbohydrate 
diet there is a greater concentration of active insulin in the tissues On 
reference to Figs 11 and 12 it can be seen that very much more insulin 
would be required to lower the blood sugar from 50 mg/100 c c to 40 mg/100 
c c than from 90 mg/100 c c to 80 mg/100 c c It follows that very much 
less insulin would prevent the nse from ISO mg/100 c c to 190 mg/100 c c 
tLanfrom 140 mg/100 c c to 150 mg/100 c c , l e , a much lower concentration 
of active insulin m the tissues will, when the blood sugar is high, produce the 
same effect as would a high concentration of active insulin nlien the blood 
sugar is low Thus with a capillary blood sugar of 220 mg/100 c c an 
A-Y difference of 30 indicates the presence in the tissues at that time of a 
much lower concentration of active ins ulin than does the same A-Y difference 
with a blood sugaT of 140 mg/100 c c This application of the mass action 
theory (Himsworth (16)) gives a logical explanation of the above discrepancy 

We have deduced the persistent presence of a greater concentration 
of active insulin in the tissues during the period of carbohydrate feeding than 
when fat is fed This we consider to depend primarily upon the greater 
concentration of activator produced Applying the mass action theory it 
will readily be seen that when the blood sugar rises initially in these cases a 
greater A-Y difference will occur On reference to Fig 3 it will be seen that 
after glucose, the A-Y difference shows a greater initial development on the 
starchy than on the fat diet 

If the resting concentration of active tissue insulin is great and, therefore, 
the initial increase of the A-Y difference is marked, then the depletion of 
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tissue insulin, m the second stage of the venous step, may bo small m relation 
to the total concentration present, with the result thnt the A-V difference 
v ill not dimmish lapully Nov the smnllei tlie A-V difference in the second 
stage, tlie earlier will the onset of the third stage be detected, and, therefore, 
if in tlie second stage tlie A-V difference liaully diminishes, then the onset of 
the third stage will be mashed and the venous step appear to be delayed 
Thus the association of a marked initial development of the A-V difference 
and a delated step on the carbohydrate regime may be expected Wo have 
met two examples of this and Fig 5 is the high carbohydrate tolerance curve 
fiom one In this subject, on the high fat diet, tlie initial A-V difference 
which dci eloped was small and the step was at 10 minutes , on the starchy 
diet (Fig 3) the initial increase was well marked yet the time of the step was 
35 minutes In support of this explanation, the expeument m which glucose 
and insulin were giien simultaneously, may be quoted (Fig o) Here tho 
step was markedh delated ns compared with the ordinary tolerance curve 
for this subject (Fig G) 

From a consideration of the results of feeding carbohydrate to normal 
subjects, it appeals thnt bj this means an increased tolerance for sugar is 
acquired, and similnily from tlie results of feeding fat, it may be concluded 
thnt a diminished tolcrnnce for sugar is produced These icsults could be 
explained m great pait lix tlie hypothesis that on a starchy diet more insulin- 
kinase is produced and on a fat t > diet less of this substance is available 
It lias been suggested, how ever, that change in the pH of the blood influences 
the sugar tolerance markedh (Haldane and others (13)), and at first sight it 
would appear that on the two ty pcs of diet the pH of the blood might differ 
considerable If this were found to be so then the variations in tolerance 
ob^ere cd on tho two diets might be explained on that basis We haee 
imestigatcd this point and the icsults of these experiments will be 
communicated subsequently, but we may say at once that tlie pH of tlie 
blood is the same on both diets and that the giving of large quantities of 
ammonium chloride, or sodium bicaibonatc ovei a ponod of seven da's s or 
more docs not produce the vauations m sugar tolerance or insulin action 


recoidcd in tlie present pa pci 

As there is an increased sensitivity to insulin after tlie subsidence of an 
alimentary by pciglycrcnua it follows that a gieatci concentration of the 
kinase must June leached the tissues Aftci an insulin depiession curve 
this increase in sensitivity has not been obsexved, and it thus appears that 
tho stimulation icquircd to pioduco insulin-kinase is hypcrglycamua This 
mci ease of kinase ensures the more inpid activation of panel ca tie insulin, 
w,lh a icsi.lt mg me! ease m the concentiation of actnc insulin m the tissues 
As the excess of activator pcis.sts when tho cmvo leturns to normal levels, 
less insulin must be secreted aftei tlie subsidence than before, foi odierwise 
active insulin would be produced so lapidly that liypoglycamua would r «utt 
It appeals then that rcstnction of insulin secretion occurs with the fall of the 


blood sugar 
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It is possible now to explain tlie peculiar curve with two steps shown in 
Pig S At the first step the sugar abstracted from the blood, as measured 
by the A-Y difference, increased so rapidly that the capillary and venous 
sugar ceased to rise and actually fell The stimulus of hyperglycamiia 
waning, the rate of secretion of insulin diminished, with concomitant 
underproduction of active insulin and a decrease in the A-V difference 
The abstraction of sugar from the blood diminishing, liypcrglycajinm again 
manifested itself and secretion of insulin recommenced with the ultimate 
production of a second step It has been noted previously that the first step 
occurs about 12 minutes after the first rise began and the second step at 
approximately the same time after the commencement of the second rise 
The appearance of Fig 9 is similar to Fig 8 and the suggested explanation 
is purely a combination of the explanation offered for Fig 8 and that given 
for the later appearance of a venous step on the high carbohydrate diet 


Although in past records of carbohydrate metabolism there are many 
papers concerning the effect of diet upon the sugar tolerance curve there 
are relatively few papers reporting the action of msulm under simdar 
conditions Tutso (31) showed that annuals become progressively less 
susceptible to insulin on starvation Abderhalden and Wertheimer (1), 
Bambndge (4), have demonstrated the increased sensitivity to insulin of 
animals on a high carbohydrate diet Hynd and Rotter (IS) have confirmed 
these results and have also shown that this sensitivity is not determined by a 
depletion of glycogen reserves, for on a carbohydrate free diet, when the 
animals are most resistant, there is great depletion of liver glycogen, and on 
a high carbohydrate diet when they are most sensitive, the liver contains 
more glycogen than usual 


The conclusions derived from observations on human beings reported 
in this paper thus receive confirmation from the results which have been 
obtained on animals In addition there have been physiological experiments 
which may now be interpreted to mean that some factor in carbohydrate 
metabolism other than msulm exists Dann and Chambers (7) have shown 
m dogs that after a three weeks’ fast the administration of glucose results in 
yperglycsemia and glycosuria In normal animals sugar causes a definite 
nse of R Q but m the starving ones the same amount of glucose produces 
practically no change from the resting value Administration of 50 g of 
glucose on consecutive days, however, occasions a gradually increasing 
response until, about the fifth day, the pre-starvation rise m R Q is again 
observed In an attempt to compensate for this suppression of the ability 
to oxidise glucose, large doses of msulm were given along with the first dose 
of glucose to the starved animals A nse of R Q of normal magnitude was 
not obtained rdativeiy enormous doses of msulm could not completely 
store the ability of the starved animal to deal with glucose It appears 
that some other factor was missing , that this factor could be increased by 
tbe same condition which we have shown to increase the action of insulin 
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namely' caibohydiatc feeding , nntl Hint it could be diminished by conditions 
which decrease tlic nppnient netmtv of insulin, namely stair ation, it is 
suggested Hint Hus missing fnctoi is “ insulin-kinase ” 

The most complete diminution of insulin actnity produced expen- 
nicnlnlh is that repoited b\ Maikowit/ Mann and Bollniann (23) Mann 
and Magnth (22) had shown pienouslj that shoitly' after licpatcctomv, 
insulin excited the same effect on the blood sugar as before, but the above 
autliois demonstiatcd that six to eight houis aftei hcpatcctonn, insulin 
ilia's liai e no detectable action upon the blood sugar They actually suggest 
that the action of insulin on carbohydrate in the intact animal is dependent 
on a thud factor In Hie same paper it is also shown that m a dehepatiscd 
depaneieatiscd dog muscle gh cogen is laid down only when enormous 
quantities of insulin me gi\ en togethei with sufficient glucose, but that in a 
partially deliepatiscd dog a similar quantity of glucose causes a striking 
increase m the gh cogen content of those tissues The authors state that 
although insulin does function in the dehepatiscd animal “ its function is by 
no means so maiked as m a diabetic but otherwise intact dog ” l<Yom these 
expu uncut s it appeals that the unknown factor is limited m proportion ns 
t lie la er tissue is dinunislied Me would suggest that the unknown factor 
is insulin-kinase and that the In or influences the derclopmcnt of tlic actmtj* 


of injected insulin through being the site of production of this new substance 
It has long been iccognncd chmcalh that injury of the liver by 
ejiloioform or phosphorous may be associated with ghcosuria and Opic and 
Alford (2 1) June stated that chloroform affects the In or practically exclusively* 
In a recent papei Altluuiscn and Thornes (3) have lc-imostigatcd the problem 
of cliloioform poisoning The experiments were earned out on rabbits and 
the lest used was one in which watei glucose and insulin were given, tlic 
doves being such as to produce in normal animals a moderate degree of 
In pcighe.emia Fom stages were lccogmsed aftei the poisoning with 
( hlorofoi ill and these wcie eorielated with the histological changes m the 
lntr The hist stage which lasted until the end of the first IS hours, 
showed a gieatlv incicased hvpeighea'iiua aftei glucose and a gradually 
diminishing In pergh caunia aftei adicnaliuc This was associated with 
fatty degcnoi at ion and neeiosis of the lnci cells The second stage was 
, cached about the fifth day and lasted until about the tenth The response 
to the test had become normal, the i espouse to adrenaline had lcturncd an , 
at the same time, the dead tissue was found to have disappcaied from tlic 
In ci and new cells were appeal mg The Hurd stage appeared from the tenth 
to the eighteenth day and now, aftei the gnmg of the glucose and msulm 
test the blood sugai dul not use at all, but fell steadily to liypoglycanmc 
lex els Gnmg of glucose without insulin was also found to produce tlic same 
paradoxical effect, At this stage all signs of injury had disappcarcdnndthc 
In ci w as ei ow cled w it h young cells The gly cogen content of the organ after 

the test was piactieally the same as in normal contiols, but unfortunately 
muscle glycogen estimations were not made The fourth stage was reached 
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after three -weeks when the tolerance and response to adrenalin had again 
returned to normal, the young cells in the liver had matured and become 
arranged in an orthodox pattern There thus appears to be a stage after 
injury of the liver in -which alimentary hyperglycronna is suppressed and m 
which this suppression cannot be accounted for by the increased capacity of 
the liver cells to store glycogen This stage coincides with the period of 
joung tissue formation in the liver and the marked increase m tolerance 
suggests to us an mcieased activity of endogenous insulin 

Prom the experiments of other workers, therefore, there is evidence for the 
existence of an unknown factor which influences the action of insulin and there 


is further evidence which suggests that this factor is produced in the liver 
Reference has been made to those peculiar cases of diabetes in which 
the patient is resistant to the action of ins ulin Warren (32) has stated that 
' the outstanding feature of insulin resistant cases is that even complete 
failure of insulin production by the patient cannot explain them ” In a 
case reported by Root (27) 840 units of insulin a day were taken for some 
weeks The patient became worse and eventually, despite the administration 
of 1,600 units a day, died in diabetic coma Another case, reported by 
Allan and Constant (2), had taken 500 units a day for some months before 
death Point is lent to these cases when it is considered that the daily 
output of the human pancreas has been calculated to be at the most 300 units 
of insulin In both the above patients post-mortem examination revealed 
conspicuous cirrhosis and atrophy of the liver with fibrosis of the pancreas 
The most rapidly fatal type of diabetes has long been known to be that 
associated with simultaneous disease of the liver and pancreas, namely m 
hsemachromatosis Many of these cases have now been reported as resistant 
to the action of insulin Another type of case m which resistance to insulin 
occurs is that associated with thrombosis of the hepatic artery (Pollack and 
Long (25)) and consequent necrosis of the liver 

In a case seen personally the patient was under care for a surgical 
condition of the liver She had no previous history of diabetes but, on 
admission, a trace of sugar was found in the urine Whilst under observation, 

the condition gradually became worse until 140 units of insulin a day were 
given without controlling the glycosuria and ketonuna An operation was 
eventually imperative for relief of the surgical condition but the patient 
edl8 hours later A post-mortem examination was made an hour and a 
quarter after death Apart from an early broncho- pneumonia there were no 
signs of infection The bile ducts throughout the liver were blocked with gall 
stones and the organ was grossly damaged There was no suppuration m the 
ver e pancreas was macroscopically and microscopically nor ma l no 
y opic degeneration of the cells was seen and by Bensley’s method granules 
were demonstrable m these cells 


. th , ere 153 depute clinical evidence to support a theory that diminu- 

tion of insulin activity is associated with disease of the liver There are 
experimental results pointing to the same conclusion and also evidence that 
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m the presence of young liver tissue the organism has an increased ability 
o deal with sugar The experiments reported m the present paper demon- 
st 1 ate the vaimtion of insulin activity and from the nature of endogenous 
and exogenous insulin action the presence of a factor which activates insulin 
Jins been deduced 1 t is suggested that t his factor, msulm-kinase, is produced 

in the hi ci , and an attempt is non being made to isolate this substance from 
that oignn 

In conclusion 1 w isli to express my gratitude to Professor C R Hanngton 
for his continued help and criticism a 


Summary 

1 The effect of high carbohydrato and high fat diets upon (a) hyper- 
gb cajmia aflei ingestion of 50 g of glucose and upon ( b ) the rate of depression 
of the blood sugar after a standard dose of crystalline insulin have been 
investigated 

2 Simultaneous curies m capillary and venous blood have been 
obtained aftei oral admimstiation of glucose It has been demonstrated 
that, undei ccitam specified conditions, capillary blood, obtained from the 
human car, approximates closely to arterial blood m its sugar content 
The sugai content of venous blood has been found to run in parallel with 
changes of the capillary blood sugar save at one place shortly after tlie 
commencement of hvpcrglycamiia Here on the venous curve an S shaped 
deviation has been demonstrated This venous deviation is brought into 
existence by three consecutive variations in tho arteriovenous difference and 
the significance of each vaunt ion has been discussed The increase m arterio- 
vcnoits diffeicncc m the thud vaimtion is so marked that tho venous blood 
sugai cui vc changes its diicction at a sliaip angle from the course previously 
followed This step -like nregulaiity has been termed flic venous step 
It is concluded that this phenomenon is dependent upon the secretion of 
pancreatic insulin but that the latter only becomes active imdcr the influence 
of an unknown factoi winch brings about this activation m a reaction 
proceeding with increasing velocity 

3 Aftei intravenous injection of crystalline insulin it has been shown 
that a short latent period occuis in whioh theic is no dctectablo action of 
insulin upon the blood sugar This is succeeded by a period m which insulin 
manifests its action with increasing velocity The duration of this latent 
pcnod and tho time taken for the blood sugar to reach its lowest point have 
been found to be independent of the dose of insulin injected Further, 
results arc In ought forward showing that below a certain maximum dose of 
insulin mciease in tho a mount of this substance injected produces a corres- 
ponding increase m tho rate of fall of the blood sugar, but that above this 
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maximum dose no further increase in amount produces any further 
acceleration of depression It is deduced from these results that the 
development of activity of injected insulin is dependent upon some unknown 
factor which activates insulin with increasing velocity 

4 In explanation of the development of the venous step and the 
characteristics of the depression of the blood sugar by insulin the following 
hypothesis is put forward — 

(а) that insulin as prepared and as secreted endogenously by the 

pancreas is an inactive substance, 

(б) that this substance is activated m an autocatalytic reaction 

with an unknown factor, and 

(c) that m this reaction the unknown factor behaves as a kinase 
and insulin as a substrate 

5 After a period on a high carbohydrate diet the oral administration 
of glucose is followed by a lower and less prolonged hyperglycsemia and an 
earlier development of the venous step, and the injection of a standard dose 
of insulin is followed by a shorter latent period and a more rapid rate of 
fall of the blood sugar, than when the subject is taking a high fat diet The 
same results are obtained when doses of glucose are given to a subject prior 
to investigation It is concluded that ad minis tration of carbohydrate 
stimulates the production of the unknown “ msuhn-kmase ” 

6 The association of disease or injury of the liver with the development 
of insulin activity is discussed 
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PAIN DERIVED FROM THE SKIN AND THE MECHANISM OF 

ITS PRODUCTION * 


By THO MAS LEWIS and. WERNER HESS (Frankfurt) 

(Department of Clinical Research, University College Hospital Medical 

School) 


The studies that are reported in this paper arose dunng the progress of 
observations upon patients suffering from painful conditions of the skm of 
the feet In attempting to determine the mechanism of pain m these 
patients it soon became clear that preliminary work would be needed upon 
normal skm These preliminary observations form the contents of this 
paper 

The single quality of pain denied from superficial stimulation of the sLm 

It has become the custom amongst clinicians to allow patients to describe 
their symptoms m their own words, and to listen to their unprompted stones 
This has the manifest advantage that it avoids suggestmg to patients 
symptoms from which they are not suffenng and which, if accepted m the 
history of the case, might affect the correctness of diagnosis In any 
thorough investigation of the mechanism of symptoms, however, the 
importance of this procedure must not be overemphasised, and it is often 
necessary from this standpomt to suggest forms of descnption to patients, 
so as to obtain from different individuals statements that can be compared 
and related Let us take such an important symptom as pain, and consider 
the forms of it as these are recognised m connection with lesions of the slon 
Such pains are variously described by patients as pricking, stabbing, tearing, 
stinging, burning and so forth, and these and similar words pass into medical 
descriptions as terms defining different forms of pain that are experienced 
Our first point is that for purposes of investigation these terms, which 
patients use, give inadequate definition and often mcorporate suggestions of 
origin that are misleading Clearly, most of such terms do not attempt to 
describe the pain itself, but refer to the agent, either that which has caused 
the pam, or one winch is known or might be supposed to give rise to a pain 
having the same characteristics 


"Work undertaken with aid from the Medical Research Council 
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A much more pi ease descuption of pnm can be given without any great 
difficult v after t lie event but espccialh during tlic event by intelligent 
people proMded then attention is deliberately directed to the chief 
characteristics of pain Putting on one side localisation, whether this is 
considered fiom the standpoint of approximate or precise localisation, pain 
may be desenbed according to its character, its duration, and its intensity, 
which last inn's \nr\ from moment to moment If pam is dcnvcd from 
shm, then localisation is usually \crs accurate It is probably enough for 
the lemaimng descnption to consist purely of statements of intensities 
and of duration and to neglect characters Thunberg (1.3) lias distinguished 
n form of pain which he calls “ dull * pam (“ dumpf Schmcrr ) and which 
is piobabh demed from the deeper layers of the skin or from immediately 
undci lying structures , such pain is readily produced by squec7ing a fold of 
normal skin, for example the short y\ebs of skin between adjacent fingers 
If y\e exclude tins form of pain it becomes highly* probable, so it seems to us 
both from the published olmciyations of Alrut7 (1) and from our oyvn 
ohseryations, that all forms of pam demed from the skill arc transmitted 
by t lie same none endings and fibres and that the “ quality ” or “tone” 
of all such pam is constant This idea is expressed by the frequent use 
amongst Oilman yyorkers of the plnnse “bright ’ pam (“hell Schmeiz”) 
to include most forms {sec Frey and Kern’s monograph (3) ) We are unable 
to aseeitam, howcyci y\ith yyhnt comiction this idea that “bright’ 
cutaneous pain has but one quality or tone, stated as it is by Beehcr (2) 
and AIrut 7 (I), lias been gcneially acknoy\ledged , but it does not seem to 
haye been brought, as it dosoryes to be if it is true, quite to the point of 
demonstration To particularise the symptom pam can be provoked by* 
injuring the skill in a large number of diffeicnt yyays, as by T pricking ywth a 
shaip point, by pinching tiny folds of skm, by* pulling on hairs, by burning, 
oi by the passage of gahamc currents The quality* of pam produced m 
these scy oral yy ay s can m fact be demonstrated to be unvai vmg m that, when 
tests arc properly' safeguarded, the subject is unable to differentiate between 


them ,, , . , 

A wire of constantnn 3 cm long and 0 25 nun m tluckness is bent m 

its middle to an acute nnglc and suitably mounted , the wire is then heated 
by jiassmg through it a cm rent of 0 S to 1 amp The acute angle of the hot 
wire is brought into quite transient contact w*ith the skin . alternatively the 
skin is simply in ickcd w ith a fine needle A blindfolded subject cannot detect 
which of these two foims of stimulation is employed Snmlailv, a quick 
tug upon a single lian or the make oi break shock of a galvanic current 
may be employed All these will be descubed by the subject as pnekm 
pain, w itliout distinction Naturally , it is necessary that tlic subject slioiUd 
not be allowed to jcceivc associated sensoiy (but unpamful) stimuli, peculiar 
the tarn of stimulation Thus, if the contact of the hot une is m. n.ncd 
too lone its wai mth may be felt and the foun of stimulation will then be 
doketed' When a hair is pnllcd, .t should first be isolated so that it mar he 
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grasped and pulled without the warning which simple contact with other 
hairs will give , and counter pressure should be exerted around its base 
so that when the hair is pulled, the skin aroimd it is not lifted Similar 
counter pressure should be exerted when needle prick, hot wire, or galvanic 
shock are compared with this form of stimulation The greater the pre- 
cautions taken to ehminate supplementary sensory stimuli, or to reduce 
these to simple uniformity m comparing different forms of painful stimulus, 
the more successful will be the tests But much precaution is unnecessary , 
the subject tested is soon aware that it is impossible to distinguish the 
different pam stimuli, and that where he recognises the form of stimulation 
it is upon a non-paraful accompanying sensation that this recogmtion depends 

The stimuli discussed m the last paragraph are all brief stimuli and their 
effects are called “ pricking ” A prolonged stimulus gives rise to pam 
described as " burning ”, and this is so whether the pam arises from heat or 
not The bent wire is earned just through a small cork and thus applied to 
the akin, and a current is now led through the wire to heat it appropriately , 
a needle point is sunk m a similar cork and from it a galvanic current of 
appropriate strength is turned into the skm , an isolated hair is pulled and 
held tense through a small sht m a cork held around it and m contact with the 
skm , or a tiny piece of skm is caught up m sharp edged forcepts and pinched 
in similar circumstances (Thunberg) The subject cannot differentiate , 
all these forms of stimulus give rise to pam that is described without dis- 
tinction as “ burning ” pam It is described as burning pain, not primarily 
owing to its peculiar quality but because it is a cutaneous pam that continues 
It is not transient, but lasts The hot stimulus applied briefly causes 
what is termed “ pricking ” pam, prolong the stimulus and the effect is 
“ burning ” pam , the initial pull on a hair causes a “ pricking ” pam, but 
if the hair is held the quality of pam, though quite unchanged, is now called 
“ burning ” Short contacts with a test tube containing very hot water, 
or with a stick of solid carbon dioxide, which at once freezes the skm, are 
indistinguishable from each other if suitably apphed (see also Alrutz) , 
both give nse to a short “ burning ” sensation 

So far pam arising from, and ending with, very brief or short stimulation 
of the surface of the skm has been discussed Pam may also continue as an 
after-effect of stimulation The most widely recognised pam of this kind 
is the “ burning ” pam that contmues long after contact with an object 
hot enough visibly to injure the skm Pam quite indistinguishable from 
this arises out of injuries resulting from contmued friction, from abrasions, 
from freezing, from ultraviolet burns and m other ways This continuous 
pam, which follows as an after-effect and is common to injuries of different 
kinds, will be discussed at greater length presently , here it is important to 
note that it is identical in quality, though it is usually less m intensity, than 
the “ burning ” pam previously discussed, namely, that which occurs during 
the actual period of stimulation A senes of minute scratches, closely set, 
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gives rise after an interval of time to a very definite continuous pain, described 
as burning it has precisely the same qualities as the pain which follows 
as an after-effect of the injuries previously named, or which follows a 
prolonged application of mustard oil or of chloroform to the slon The 
companion should he made of two foims of stimulation, applied symmetric- 
ally and simultaneously to the two arms , the result is then convincing 
Such observations holp to substantiate the view that pam of only one quality 
can be piovoked by stimulation of the skm men wc speak of pam as 
smaiting,” burning” or “ stinging,” we arc using terms that lack precise 
distinction Some think it convenient to say that smai tmg is less intense than 
buinmg, others that smarting and stinging is pam which m general begins with 
relative suddenness and docs not long continue at full intensity In the 
last instance the pam produced by the stings of insects or of plants clearly 
guides the definition But the terms are in fact undefined and m ordinary 
parlance aic laigely interchangeable , what is of chief consequence is to note 
that when closely compared pam answering to these tlnee descriptions 
cannot be differentiated m respect of quality 

In experiencing and considering pam derived from the superficial 
laycis of the skin m response to various stimuli, wc are brought more and 
more firmly to the belief that all such pains have but one quality, and that 
the variable characteristics of such pains are moiety m the intensity and m 
the distnbution m time and space 


Cutaneous pam as an af la -effect of mpny 

Wc shall now describe our observations upon cutaneous pam ns an after- 
effect of vai ious mjiuies The pam, once established, is m our expencnce 
always of long duration and of 111010 oi less unifoim intensity, chniacteis 
which m the case of cutaneous pam may be summed up by the popular 
tcim “ buinmg ” pam We have w'oiked chiefly until four forms of injury 
and especially until the three last of the foui about to bo described, as the 
seventy of these is easiest to lcgulntc 

1 Hums A convenient w'ay of burning the skm slightly is to use 
molten w r ax The end of a small stick of scaling w r ax is softened m a flame 
and this is pressed quickly against tlio previously moistened skm Aftei 
a little experience bums of suitable intensity can be pioduced by w r ax m this 
state (it is at about 05°C when applied) without moic than slight bhstenng 
of the skm Pam, ns an aftei -effect of such bums may begin at once, but 
often Iheic is an mtoival of 10 to 30 seconds oi even a minute or more aftei 
the W'nx is withdiawn, dining which theio is no pam Then giadually the 
pam begins, mcicnscs to its height and continues for veiy many minutes, 
an houi oi moie The intensity of the pam though usually at a moic or 
less constant level fluctuates fiom time to time, seeming to die quietly away 
and very giadually to lotuin , but theio aie no sudden changes m intensity 
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The more severe lesions develop tenderness and are red and swollen for 
hours or even days , these blister 

2 Scratching A method of produomg similar pam is to scratch the 
skm An area 2 cm square is marked out on the skin, and a sharp needle 
point is drawn across tins area ten times m parallel, ten times nt right angles, 
and ten times obliquely Each scratch is enough to produce a tiny white 
line of broken homy skm, but insufficient to draw blood The injured 
region exhibits the usual vascular response, namely, reddening and wheahng 
within 5 minutes It is at first pamless, though there may be a little itching , 
after 5 or 10 minutes slight “ burning ” pam is often felt, though this may 
not begin for an hour or more Twelve hours after injury, the whole of 
the scratched area is usually red, swollen, tender, and burning spontaneously 
from time to time, and this state lasts for another whole day and some- 
times longer 

3 Freezing An area of skm 1 J cm square is frozen at a temperature 
of — 18° to — 12° for 20 to 25 sec , by the method described by Lewis 
and Love (9) Such freezes give full wheahng of the skm, usually without 
subsequent blistering Dunng the half hour following the freeze the lesion 
itches much , itching ceases and wheahng disappears in an hour or two 
Within 20 hours, and often earher, the lesion has swollen again, is tender, 
surrounded by a diffusion flush, as Lewis and Zotterman showed (11), and 
gives rise from time to time to burning pam , it remains swollen and tender 
for 4 or 5 days 

4 Ultraviolet lesions These lesions, about 2 cm square, are made by 
means of a mercury vapour lamp The exposed area should be reddened, 
and the injury severe enough to give a conspicuous diffusion flush on the 
following day Spontaneous burning pam is quite usual m such lesions within 
12 hours , the lesions are swollen and tender and continue so for 5, 6 or 
more days , occasionally they are severe enough to blister 

The pam arising from injuries of the four kinds is always of the same 
ype, as previously stated, and it is influenced similarly by certain rnter- 
erences to be described later The most notable variation is the early 
appearance of spontaneous burning pam when the skm is injured by heat 
and its late development m the ultraviolet burn , similar early pam may be 
experienced, however, after abrasions , and m very heavy freezes, which are 
allowed by early blistering, severe burning pam occurs shortly after the skm 
aws It is impossible to state precise times that are really representative, 
cause there is much variation with the seventy of the lesion and with other 
a rs, chief of which, as we shall see, is skm temperature 

The chief events can be introduced by illustrative but abbreviated 
protocols 
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Min boo 

0 0 Forcnrm burnt \\ ltli liot w ax 

0 30 A slight burning pain of uniform intensity lias dovolopod 

1 10 Immersion in water at 25° abolishes tlio pnm almost complotoly, immersing it nt 

40° brings a Bovoro burning pain within a fow soconds, which docronaos after 
a fow more soconds 

5 0 Tho skm is reddoned and has w healed whore burnt 

8 0 Tho spontaneous burning pain in tho skm lias incroasod , tho tomporaturo of tho 

lesion is 28 5° Tlio sonsory reactions to lmmorsion at 25° and 40° aro 
unaltcrod Tho burnt skin is noticed to bo hyporalgcaio 

00 0 Tho pnm continuos m tho burnt nron, provided tliat its tomporaturo is about 20° 
or nbo\o this 


Tho pain continued to bo felt for an hour or more, tondomoss, swelling and redness w oro 
presont no\t dnj, and a daj later two small bhstors npponred on tho damaged skm 

Timo 
No\ 13th 

Hr min 

12 45 A pntcli of skin of forearm froron for 25 soo at — 15° 

1 45 Full w healing of tho skm and widespread redness lias appenred Itelnng lias boon 
present but has subsided Thoro is no liviiornlgosia 

4 45 Ropentcd testing discovered no livpomlgosin , nnd immorsion nt 40° ga\o no pain 

0 15 There is a litllo hyperalgesia of tho skin flint was frozen 5} hours ago , it is red nnd 

“ burns ” a littlo when lnunorsod in wnter at 40° 

11 15 Tenderness lias grndunllj increased during tho last 5 hours nnd so lins tho burning 
pain produced In immersion at 40° 


>7on 4 :n Tho damnged skm is “ burning ” spontaneously nnd continues to do so from timo 
to timo during this nnd tho following days 

-vr m inn, From tho last dot o to this, tlio damaged skm has boon ft littlo swollon, vory tondor. 
Non lfltl. Arom tno ^ Burround ^ by „ diffusion flush Tho area “ burns ; 

from timo to timo, and "bums” much wliono\or immersed in wntor at 40 


Nov 20th Tlio rw oiling lias gono, there is redness, but littlo tondomoss, nnd immorsion nt 40 
nnd 21st no longor gives pain 


TJub second protocol, with small changes in the time table, would equally 
well illustrate the behaviour of an area of skm that has been scratclie oi 
that has been damaged by ultraviolet light The two protocols are enough 
to give a gencial idea of the events before we piocced to deal will paiticular 

featuics 

When the skin has been damaged m any of the ways pieviously 
dcscnbed it passes soonei or Inter into what may be termed foi convenience 
a “ susceptible state ” Tins will bo spoken of repeatedly m this papei , 
it may bo defined foi the moment as a state of the skm, m which pnm is 
easily ^induced and in which pam oocurs fiom time to time spontaiieousy 
The Susceptible state begins nt vaiymg times aftei mjuiy, being delaye 
seconds to many hours Once estabhshed >t usually lasts lor 

hours oi days 
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Relation of pam to temperature 

The simplest and most constant method of inducing pam m skin that is m 
the susceptible state, but in •which no pam is occurring spontaneously, is to 
immerse it in warm w ater , and the temperature w Inch experience has show n 
to be most suitable for general use is about 40° In such an immersion pam 
start® m 2 or 3 seconds, rapidly increases to its most intense point in a second 
or tiro, when it is often severe, and then fades away, usually to disappear or 
to become greatly diminished at about the 7th to 10th second of immersion 
In a long series of observations we have ascertained the time of onset and 
duration of the susceptible state, by immersing the damaged skin in water 
at 40° at suitably frequent intervals Selected results arc given m Table I, 


TABLE I 


Subject 

Injun 

Susceptible state 

1 Tenderness 

Begins 

Tnds 

Begins 

Ends 

He 

TTV light 

31 hr 

9 dnvs 

3 to 6 lir 

9 to 10 days 

Ho 

»» 

4 hr 

6 dais 

5 lir 

6 daw 

He 

ft 

41 hr 

8 dnvB 

41 lir 

S daw 

L 

f* 

4 hr 

7 daw 

5 hr 

9 days 

L 

Freeze 

51 hr 

6th to 6tli dai 

5| hr 

6th to 7th daj 

He 

*» 

7 hr 

4th to 5th day 

7 hr 

6th to 6th daj 

He 

Ho 

M 

II 

64 lir 

6 hr 

4th to 5th da> 

64 lir 

6 hr 

5th to 6th day 

He 

Scratching 

5 hr 

24 hr 

3 hr 

24 hr 

It 

II 

15 min 

48 lir 

5 min 

48 hr + 

L ! 

9* | 

14 nun 

43 lir 

2S mm 

48 hr 

Ho 

*» 

15 nun 

22 hr 

15 mm 

24 hr + 

L 

Hot wire 

8 nun 

91 hr 

95 mm 


Ho 

II 

20 mm. 

26 hr + 

none 



Jj 

Hot wax. 

i min 

4 hr + 

— 

1 

He 

Mustard oil 

25 min 

5 hr 

25 mm 

4 hr 


91 

45 mm 

5 hr 

45 mm | 

44 hr 


^ ch also includes other information to be used later It will be noticed 
at when the skm is damaged by ultraviolet light the susceptible state does 
no appear for 34 to 44 hours, an hour or more after the skm begins to redden 
asts from 6 to 9 days In the case of injuries from freezing the be ginning 
as een delayed even longer but the state lasts a few days less Scratch 
mjunes, and incidentally bruises, enter the susceptible state usually within 
mimdes of the injury, a much shorter time , and the state lasts 1 or 2 
ays When tested, scratches should be coated thinly with vaseline, so 
a no water enters them Relatively severe injuries from beat become 
a ^ mos ^ once, but by using milder stimulation, as by scattering 
r e area a number of minute burns with a hot thin wire, the onset of 
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tlie susceptible state can be delayed foi minutes It lasts a few hours or a 
day or two Injuries arising from continuous application of mustard oil, 
acquire susceptibility within about a half horn, and hold it for a few hours 
Immersion m water at 40° gives the same type of pain and pain lasting for 
much the same period of time, ^respective of the mannei in which the injury 
has been produced 

In studying the pain that comes when susceptible skin is immersed m 
waim water it is impoitant to know the tempeiature of the skm before its 
immersion, foi this temperature affects the result Thus, if in repeatedly 
immersing the mjiued skm m water at 40°, preliminary baths for 3 mins at 
20° or 30° are used alternately, the pam m the test aftei the 30° bath is 
always the more intense, and often comes a second earlier and lasts a few 
seconds longer, than m that aftei the 20° bath When the limb is transferred 
from 20° to 40° water the gradient of rising skm temperature is steeper than 
when the transference is from 30° to 40° water But over the relevant 

TABLE H 


1st bath 
at 

Copper block 
or 2nd bath at 

Pain 

Begins 

Ends 

Degreo 




soo 

soc 


20° 

Copper 40° 1 

2 

11 

sovoro 

30° 


40° 

2 

11 

very sovero 

36° 

>» 

40° 

2 

10 

vory sovoro 

20° 


40° 

2 

11 

sovoro 

30° 

*» 

40° 

2 

10 

very severe 

35° 


40° 

2 

10 

vory sovoro 

30° 

Bath 

40° 

2 

8 

distinct 

20° 

»> 

40° 

3 

8 

vory slight 

20° 

Copper 30° 1 

— 

I 

none 

20° 

»» 

35° 

— 

— 

just detocted 

35° 

t> 

40° 

2 

0 

vorj severe 

38° 

>» 

40° 

3 

i 

7 

\ ory severe 


Note — A gnon lest, repeated over nncl o\or ngnm at quiclv mtorvnls (2 min or less) doos 
not give uniform results Tho pam lessons appreciably and may disappear after ns many ns 
10 or 20 tests Tho mtorvnls botweon tests should bo longer (6 min ) and arranged m an ordor 
that avoids this sourco of error 


period of time, namely, the first G see during which pam is chiefly felt, the 
temperatures in the latter case aio actually higher and the gradient is actually 
stcepei for a given range of tempeiatures than in the formei The intensity 
of the pam in response to tempeiature is governed by two factors, the height 
of the actual temperatures and by the steepness of gradient Thus, if the 
skm is tiansf erred fiom water at 25° to water at 36°, from 30 to 40 , and 
from 32° to 42°, the mtensity of the pam increases very conspicuously m 
this senes, though tho number of degrees of rise, and the rate of rise, in the 
three cases is not very dissimilar 
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Instead of transferring the injured skin from its preliminary bath to 
warmer water, we may apply to its surface a large block of copper that has 
been allowed to lie m the warmer water The large mass of the copper and 
its high conductivity of heat ensure that there is no appreciable fall of 
temperature for several minutes after its application The pam then 
produced is much more intense, for the gradient of rise is steeper A small 
quick change of temperature at a high level will suffice to produce pam that 
is often intense Thus the copper block laid on injured skin at 40° after 
preliminary immersion at 30°, 35° and 3S° respectively, produces pam of very 
similar intensities and durations it is occasional!}' a little less m intensity 
m the 3S° test than m the others When pam lias been induced by transfer- 
ring injured skin from a bath at 30° to one at 38° or 40° and the pam has 
subsided, it is sufficient to move the limb m the bath, a procedure raising 
the surface skin temperature to 1°, to cause pam to return, though it 
does not return m its original intensity These and other tests (illustrated 
by Table II) while showing that both the absolute temperatures reached and 
the steepness of the gradient matter, also seem to indicate that the number 
of degrees traversed, or perhaps more accurately the duration of the steep 
gradient, also plays a part 


Skm in the susceptible state can also be provoked into displaying pam 
by rapidly cooling it The tests are best made by applying to the damaged 
skm, previously kept at 30° by immersion, a metal surface of known 
temperature and of such size as to affect the injured skm only, without 
overlapping surrounding skm In severe ultraviolet burns an ice cold 
contact in these circumstances gives severe burning pam of brief duration 
which is abolished at once by reimmersion at 30° Cold metal contacts at 
5 , 10° and 15° also give rise to transient burning pam but less m its degree , 
occasionally cooling to 20° is sufficient to yield detectable pain 

Spontaneous pam and temperature Spontaneous pam occurs especially 
a ter injuries from heat but is not confined to these It is felt from time to 
ime m skm damaged in all the ways mentioned, provided that the injuries 
are relatively severe The spontaneous pam is always continuous and 
ormly of the one kind When present it is sharply enhanced if the 
stan is immersed m water at 40° , but it is at once relieved or abolished by 
immersion m water at 25° That pam arising from heat injuries increases 
. '"‘ arm th and is relieved by cooling is familiar knowledge , it is less 
? 1 , e y recogmsed that pam arising from any superficial cutaneous injury 
e ves in the same way The knowledge that heat causes burning pam 
T, e applied to the skm, and that the pam continues subsequently in much 
e same form, though it may be less m intensity, gives rise to the idea that 
ie a ter-effect of heat is continued in a fashion peculiar to itself Such an 
ea is certainly erroneous It would be premature as yet to discuss the 
ec anism of the pam, but the evidence given earlier is enough to show that 
tn state following injuries of different lands is a state common 

m all and independent of the manner of injury 
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Tbo occurrence of spontaneous pain depends largely upon tho 
temperature of the skin On numerous occasions we have immersed skin 
that has been damaged and lias become susceptiblo in a bath of water at 
about 27° or 28° and, keopmg the bath well stirred, have raised its tempera- 
ture at a rate of about 1 to 2° pel ininuto, to ascertain the lowest 
temperature of the skin at which pain appears This is determined in most 
tests to lie between 32° and 34° In two instances, after ascei taming 
the critical temperature by this method, wo transfeirod tho limb to water’ 
at tins temperature from a bath several degrees lower, and found that the 
result was burning pain, which for a short time uas more intense Abrupt 
changes of this land discover susceptibility to heat at a level 1° or 2° lower 
than the gradual change previously described The critical temperatures 
of Table III have been ascertained m most, but not all, observations, from 

TABLE m 


il/t initial temperature for patn 


Subject 

Dnto 

Injury 

Pam begins 
at 

L 

July 15 

Finger bit with hummer (blood blister) 

32 5° 

L 

Nov 15 

Frozon urea 

32 5° 

Ho 

Juno 28 

Ultraviolot burn 

32 0° 

L 

Juno 22 


32 7° 

L 

July 15 

II >> 

32 7° 

L 

Fob 14 


34 1° 

Ho 

July 14 

tt l» 

34 3° 

Ho 

Fob 7 


33 0° 

L 

Doc 23 

Burn with boat, nrm , ono hour old, causing slight 
blistering subsequently 

29 0° 

L 

Fob 22 

Burn with boat, foot , ono hour old, small blister 
Samo ns Inst at 34 hours, no longor burning spoil 
tanoously 

30 3° 

L 


32 4° 


injured skin on tho doisuin of tho foot , and havo been obtained from subjects 
in the sitting postuic, a posture which tends to lower the critical level The 
tempcratuies are such as to explain why spontaneous pain is not the mlo, 
for the temperatuie of the injured skin of foreaim or foot only reaches the 
critical level fiom time to timo in ordinary circumstances But tho 
temperatuio of tho injured skin is not for below tho critical lovel, and so the 
increased warmth of the skin m bod or whilo sitting in a well warmed room 
is ofton enough to tip the balance, and “ spontaneous ” pam rosults 
Injunes resulting from heat aro exceptional m that pam appears at lower 
levels of temperature, as exemplified m To bio III , this is a form of injury in 
which spontaneous pam is most frequent Injuries produced by heat are apt 
to be more severe than those laid down in tho other ways , more frequently 
than with other forms of injury the damage is not so nicely giaded as to be 
adequate without causing subsequent blistering The severer the lesion, 
whatever its kind, the lower m general is the temperature first required to 
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induce pain , the differences m critical temperature for lesions produced by 
ultraviolet light or by freezing are not great unless the differences in tho 
seventy of the injury are conspicuous It is immatenal how temperature 
is raised in injured skin, whether by radiant or conducted heat or by local 
vasodilatation , pam will result if the temperature rises high enough 
In speaking of “ spontaneous ” pam w e mean for the moment merely 
pam occurring m skin that has experienced no deliberate interference such as 
an application of heat As has been stated, the natural temperature of the 
skin may from time to time be adequate to induce pain There are other 
factors, which act similarly m inducing pam, and two of these will now be 
considered 


Spontaneous pain and posture If the skin of the foot is injured sufficiently 
to render it painful at ordinary temperatures, then raising the foot to the 
horizontal tends to decrease or abolish the pam Hanging tho foot down 
determines the pam, or increases it if it is already present when the foot is 
horizontal This influence of posture is not exerted indirectly though a 
rise of temperature, such as might be conceived to occur m injured skm w lien 
the limb hangs down Observation shows that such a change of temperature 
does not occur The pam is an indirect effect, however, and is duo to 
stretching of the tissues by the hydrostatic mcrease of pressure m its vessels, 
Thus, the same effects can be obtained by artificially raising venous pressure 
m the limb that is at rest and horizontal Whether it is the result of hanging 
the limb down, or of throwing a pressure of 60 or 70 mm Hg upon the veins, 
the pam does not appear at once but only after an interval varying from 
J to 1 or even 2 minutes , it reaches its maximal intensity still later and 
gradually, the veins of the leg meanwhile having become tenser and tenser 
If the leg i8 placed horizontally agam or the obstruction to the veins is released, 
pam is relieved within a few seconds The time relations of onset and offset 
of pam, so provoked, are obviously consistent with a purely mechanical 
explanation, namely, the times taken for the veins and venules to become tense 
or relaxed Other things being equal, when pam is mduced by raising venous 
pressure the pam comes more quickly and is more intense if the temperature 
o the skm is higher , the vessels swell more at higher than at lower 
emperatures, a fact which may be m part or m whole responsible for the 
p enomenon just described If burning pam has been mduced m injured skm 
y obstructing the veins, the leg bemg horizontal, then occlusion of the 
emoral artery at Poupart’s ligament quickly reduces or stops the pam 

'L* f°°V s dependent and paining, arterial occlusion has a similar 
ettect but the foot must usually first be flexed and extended to empty its 

anlTL 6 T th f pa , m 18 abollsIled E tbe venous pressure has been raised 
S £ aS deveI °Pf fuU y> tb *n raising the pressure to a higher point 
relief Tf y mcrease tbe P am > and Bering it a little gives quick and partial 
Z tL J am 1Spre ? nt m tbe m J™e d skm when the leg is dependent and 
injured 5 sS p th , enthe d^ct application of pneumatic pressure to the 

3 , sufficient to counterbalance the pressure m the cutaneous 
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anses gradually out of the injury after a lesser or greater period of delay 
It is evidently associated with the process of inflammation, being delayed 
until clear signs of this are established, a fact very veil exemplified m the 
case of the delayed ultraviolet reaction It is probably a particular and 
rather advanced phase of inflammation that is concerned, for the susceptible 
state is not developed in the early stage of redness and whealmg, except m 
the single instance of injury by heat There is an interesting and certainly 
important association -with hyperalgesia, which, is illustrated m Table I 
If the skin is frozen, and at each subsequent half hour the damaged area is 
examined, hyperalgesia and a painful reaction to water at 40° are found 
appearing together about 5 or 7 hours after injury A similar relation is 
found in the case of other forms of injury, though it may not be quite so 
exact further, hyperalgesia lasts for hours or dayB and the painful reaction 
to warmth lasts a similar though sometimes longer time Considering that 
the presence or absence of hyperalgesia cannot be tested very precisely, and 
especially that the use of water at exactly 40° is arbitrary, perfect corres- 
pondence is not to be expected Correspondence such ns is found is far 
closer than can be regarded as accidental, and an obvious explanation 
would be that the pam nerve endings become simultaneously hypersensitive 
to mechanical and thermal stimulus , but that this is the relation is still a little 
uncertain While the injured skin is undoubtedly hypersensitive to friction, 
to simple firm contacts and to the needle point, it does not seem to be so 
to moderate warmth and cold or to very light contacts Rem (12) in 
discussing the pam threshold for heat, gives 43° as always over threshold for 
normal skm, and states incidentally that this threshold is lowered by chemical 
and mechanical stimulation of the skm, if we accept this reasonable 
explanation, it would be necessary to widen the statement by including 
lowering of threshold to painful stimuli in general A statement that the 
threshold is lowered, however, is hardly more than a restatement of the facts , 
but the wider statement almost forces us to postulate hypersensitivity of 
he pam nerve endings How this may have come will now be discussed 


Cause of cutaxeotts hyperalgesia axd pals 
Chemical factor underlying hyperalgesia 

The association between susceptibility of the skm to heat and 
ypersensitmty to mechanical stimuli has been discussed m the last 
paragraph and it has been concluded that both are probably the result of the 
same hypersensitiveness of the pam nerve endings How at the stage when 
he skm is hyperalgesic it is usually swollen, but excess of tissue fluid and 
a3 ?f™ g therefrom is not the cause of hyperalgesia It is usual m the 
blirn f for hyperalgesia to occur before swelling can b 5 
although that 18 hyperalgesia m an urticaria wheal when it forms, 
the onp t!? tension fassue fluld s m tins case is greater m the skm than in 
^ are C0DS1 dermg , but the area that has been whealed may be 
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lender next day and nflcr the wheal 1ms subsided The hyperalgesia we 
arc considering is not due to a simple physical cause, as the following 
obsenations show 

In retain d\ mild injuries the precise area damaged (scratched, frozen, 
or reddened Ivy ullraMolei light as Hie ease may be) becomes hypcralgcsic 
But if the injury is more severe, h\ pcralgcsia is almost always found outside 
it on the daj after injury and on following days Lewis and Zotterman (11) 


L 



V 

rip l I. ( e/J) An »illm\ io!ot bum tins bwn put down over thorimrph outlined slmdixl 
nnn (S % 1 *» cm ) two dn\s pro\iomh D / murks tJio outline of tho diffusion Audi 
U tho hciiN $ Imp marlvS tho limits of h\ ponilpo^m V V nro tho chief \eins in tho ' *cin 
mill tho dotted linos (J, L ) murk tho tonn.es of hmphnticsov or which tho shmvras red on 
nt tho time Tho burn Mas on tho %entml burfoco of tho right forearm and tho proximal 
skin is upw anl in tho chart 


described how an area of skin directly injured by ultraviolet light (or by 
freezing) becomes surrounded by a “diffusion flush, and liow 3 m P ia 
clianncls may be marked out on tho proximal side of the burn bj lcddc " 
hues on the skm , tlicy attributed these phenomena to diffusion of vasodil 
substances into the uninjured from tho injured slcm The fact that 
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hyperalgesia fails to be confined to the region actually injured suggests that 
it is due to chemical products of injury, which influence the pain nerve 
endings not only within the injured area, but also m the surrounding skm 
by diffusion There is not precise, but there is approximate, correspondence 
between the diffusion flush area and the area of added hyperalgesia , most 
but not all of the flushed area is liyperalgcsic but hyperalgesia often extends 
beyond it Hyperalgesia often seems to follow' the course of the neighbouring 
veins for short distances , though seldom confined to the strip of skm over- 
lying a single vein, it is often most intense over it In Fig 1 the area of 
hyperalgesia seemed related to the two chief veins of the area and the vein 
farthest to the right in the chart seemed to give the boundary of 
hyperalgesia It is a suggestive but not very precise relation of tins land 
that is the rule , only exceptionally is there the clear relation of Fig 2 


V 



Tig 2 H (x 2/3) An ultraviolet bum was put down o\cr the area slindcd (2 5 X 2 fi cm ) 
two days previously The diagram shows the relation of the area of livperolgesia to the 
chief veins of the region The bum was on the dorsum of the right foot and llio upper 
edge of tlie chart xs proximal 


Whether the course of veins is followed or not, it is the rule for the chief 
extension of hyperalgesia to be up the limb, m the direction of lymphatic 
arnage These outlying areas of tenderness are not accidental and 
changeable , except while they are developing, they retain their distribution 
om clay to day , tenderness of outlying areas declines simultaneously with 
that of the central area, in w'hich however it lasts a day or two longer 


Cheimcal factor underlying pain 

he^ P Zl ln 7 b u Bd Slm When an area of skm aboufc 2 cm square has 
een damaged by criss-cross scratches, or by ultraviolet light, and this 

indi.2? d A 1 * hy £ eralgesic but S lves no spontaneous pam, pam may be 

border oMd ^ r ? l)blng We rub tbe skm ^th Arm strokes of the ulnar 

paS t T U r d f 6 S ?° kes m 3 0r 4 8econds The *«n >s a little 

painful as it is stroked , but this does not persist more than a second or two 
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aftoi the last Mieike* There is a significant interval of usually 10 or 15 
seconds, some tunes longer, after the strokes ha\c ended, before pain begins , 
the p un gi o\\ s m intensity for 1 5 or 45 sec declines and is gone after lasting 
about 1 to *1 nun Time is no difficult \ in repeating the observation after 
a feu minutes of ust, and the turns at w Inch pain comes and goes, and the 
mtuisit\ which it reaches, aie Mifimenth uniform The preliminary 
mteiv.il “without pain, and its giadual rise to maximal intensitv, arc mcom- 
pitible with its origin as a duett response to the rubbing, it is a delayed 
aftn elTi « t of this at t and the manner of its oust l and slower decline definitely 
suggest that flit rubbing enlists the disthnrgt of some substance into the 
int< ret llular spices, whith, first act mutilating and then slowly dispersing, 
act omits for the curious tune rt hit tons 


'Plus nf( n is t onhrmed by observ mg tlu effects of stopping the circulation 
to tlu limb If this is done dtrutly before rubbing the injured skin, the 
p nn t onu s as lx fort , but it rises to grt ate i intc nstty and remains at or about 
this mtt nsit\ for as long as It tt» 7 mm according to when the circulation 
to the limb is rtlt istd Such is a broadly accurate statement of the result 
If tin punindutid by rubbing is intonsidt ruble, it is occasionally' lost during 
the later st igt s of nrcnlntor\ arrtst, htmg then overshadowed by r other 
si its it intis arising m the limb*, but it is rnrth lost in these circumstances 
mori than transit nth , and cun when it disappears it docs so after a 
c oiispn uoiish longer time period than m the control observation with 
tin illation frio The g< neral effects of circulatory arrest upon this pain are 
indubitable, its intinsitv is increased and it is prolonged When the 
circulation is rele isid again the ‘•kin glows m the reactive liyperromin, and 
the pun is almost alums lent in this glow at once , but it frequently returns 
as tin h\peueinm subsides about a minute after the lelcasc, and may last 
anot hi r half or whole minute 


The conclusion fiom these observations is that pain following as an 
aftereffect of rubbing is produced by a substance released into the inter- 
cellular spaces, that tins substance is a l datively stable substance, and that 
it is diffusible, being i amoved when the circulation is rcstoiccl 

An mstn net* nrj similni to rubbing is that of stictchuig 
is strv llMnraensifno, strong distension of its irssels is enough to produce 
iihuh hoiuver declines tery q.i.ekh ul.cn the • asc.ilnr prcssnrc.s 
relics cd .Simple stretching of the sl.ni, ns tins been said, produces n sum 

t , H the stictching is Mgoious, then the pa... PJoW « so 
m.“.shT« . ...this . but \\ itlm, Id or 20 sec it .etums. gmdiiallv «nd 'uth 

gall, cling intensity, to last perhaps for many minutes or 

that comes back giadually and long outlasts the puys 
”s lihciuso nttnbulcd to liberation of the substance, and to 

its act ini' on the pain nerve endings 

JlJJccU of tc occlusion If sUm injured by 
use to no spontaneous pan, but is ... » condition not fa, rcmoicd from 
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doing, then simple occlusion of the circulation to the area may awaken pam 
in 20, 30, 60 or more seconds , this pam increases very gradually m intensity 
to disappear quickly when the circulation is released again This lias been 
shown to occur m skin damaged not only by ultraviolet light, but m other 
ways 

A blister had developed a day before on the palm of a hand as a result 
of working with a tool , the subject was just conscious of a little burning m 
the lesion , cutting off the circulation to this hand gradually increased the 
pam, which in a few minutes amounted to very unpleasant burning On 
releasing the circulation this pam soon disappeared Repetition confirmed 
this result 

It is apparently not unusual for diffuse but distinct burning pam to 
arise in the palmar surfaces of the fingers or hand during arrest of circulation 
to the limb, especially if the hand is kept at 34° to 35° This will happen 
although there are no visible abrasions or other obvious injuries, and possibly 
results from small diffuse injuries associated with the hard usage to v hush 
this skin is put 


Cutaneous hyperalgesia and pam considered as a whole 

In the first part of this paper observations were described to show that 
the same quality of pam can be produced by a variety of different forms of 
physical interference with the skin, such as pricking, pinching, burning, etc 
The pam which is common to these different interferences is common to 
t em because it is transmitted to the central nervous system by one nervous 
apparatus, that appropriate to the transmission of pain impulses Smgleness 
of quality does not necessarily imply any other constancy of mechanism 
an There are in fact two chief mechanisms of excitation In one 
o these pam is produced at the time of the interference , m the other it 

° iwi , aS an a ^ er " e ® ec ^’ Although the pam may assume the same quality 
in both cases the mechanism of production is different To exemplify 
it considerable heat is momentarily applied to the skin, burning pain is felt 
momentenly dunng the application and subsides This pam is very probably 

, ° , ec Physical stimulation of the pam nerve endings by heat But 
siimiar burning pam may continue after the source of heat is removed 

arZrZT b !! due t0 the * rect stimulus heat, but must be attributed to a 

thZ Zm meC ^ m8m Transnusslon ^ough the same system of nerve 
fibres sufficiency accounts for the similarity of the two paii 

between (13) , and (4 > speculate in regard to the brief latency 

andT? ?° h as a needle P^h OT hum and the onset of pam 

result^ nrnr! h t ^ J” 8 * 'f*™ 7 “ tUe result of a P r ehminary proce SS P the 
Pamkatr^ * damage ^ ™ rkers aie a P aa ^g about the 
the nam that unn 9 the employment of the physical agency and not about 

0,18 atto - efie ' !t B “ 9™* possible that 

y ggest, the first pam is immediately determmed by a transient 
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At the moment we are content to bring evidence that a pain substance 
is involved in inflamed skin We have none to offer u Inch * ould indicate 
the nature of this substance, or to suggest that it is identical mth o 
different from the p-substnneo ulnch has been slioun (10) to account for 
pain aroused by muscles working without blood supply It is J«st possible 
that so simple a substance as potassium is responsible , it may be that it is 
due to an increased hydrogen-ion concentration in the tissues , but weightier 
evidence will be required than that solutions of potassmm salts m uenk 
concentrations (Bonuner (3)) or solutions of phosphate having a pH under 
7 2 (Gaza and Brandi (6)), when introduced into the skm, produce burning 

pain 

Relation of itching and of burning pain 


In a previous paper Lewis, Grant and Marvin (S) described lion itching 
of the skm occurs as a result of a number of acute injuries, such as mechanical 
injury, burning, freezing, etc The itch comes in the acute stage, a feu 
minutes after the injury happens and has been attributed to the release of a 
substance equivalent to histamine from the damaged skin cells The 
conception is that itching and the triple response are closely associated, both 
being the result of the same vasodilator or histannne-hke substance released 
Burning pain, studied in the observations here recorded, is also attributed 
to the action of a chemical substance and it is associated with an in flamed 
state of the skm It is tempting to conclude that one substance underlies 
the itch, the burning pam, and the vasodilatation But this cannot be done 
Itching is very definitely a phenomenon of the acutely developing lesion , 
it does not occur during the development of ultraviolet reactions, it is not 
present as a phenomenon of the “ susceptible ” stage of inflammation, n liether 
this follows mechanical injury, burning, or freezing Itching frequently 
follows ultraviolet bums, but it is then very delayed, occurring after the 
susceptible stage has passed and when the skin is on the point of desquamating 
The absence of itching in the “ susceptible ” stage is remarkable and seems 
to imply that a histamtne-hke substance is not, but that some other substance 
is, responsible for the local vasodilatation of this phase of injury reactions 
The idea that more than one tissue substance may be from time to time 
responsible for local vasodilatation in skin injuries has been considered and 
discussed previously (7) and the possibility is guarded in the original definition 
of the H-substance , but there has not been as yet any adequate reason for 
believing in more than one The idea now begins to gather more strength 
Brey appears to regard burning pam as the intensification of an itch , 
actually this is not the case , the very earliest sensation felt when a 
susceptible area is gradually warmed to the critical level has no resemblance 
to itch, it is mterpretable as an extremely mild sensation of burning The 
two sensations are distinct, throughout wide ranges of intensity, and they 
can only be confused when they occur, as they may, simultaneously A clear 
difference m the behaviour of skm that is itching, and skm that is giving 
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r.so to burning pam, is the rcmtion to warming Itching disappears when 
(Ju- skin is immersed m water at 40° or 41°, the “susceptible” skm gives 
more intense burning i»am in similar circumstances From the mucous 
membrane of the nose and of the glnns penis burning pain is easily provoked 
hut lulling cannot be obtained b\ pricking m histamine or by injury 
l crimps itching is con\e><d b\ ncru fibres of a special order, or by those 
sei \ mg I he sc use of tom h rather than of pain 

It would be possible a priori to suppose that in the susceptible skin 
the r< h vant sc nsor\ ner\e endings Iia\e been so changed m the reaction to 
Just mum like substance, that the\ arc no longer capable of giving rise to the 
t Imrnc t( i istu sensation of itching This also can be disproved, for, if 
hist, mum (1 in .1,000 btse) is pimrtured into an area of skm reddened and 
tender from ultraviolet light, it gives itching of the usual intensity Skm 
so tr< 1 1 1 d on the foot nm$ give strong burning when the foot hangs down and 
itching onh when the foot is raised , if now, the foot being raised, the skm 
is stte tilled, burning pun starts after an interval At first itch and burn 
art felt together, hut later the burn mnj he sufiicicntlv intense to conceal 
the itih 

The desire to scratch an itching skm maj be irresistible, and the 
scratching t m he c arm el out for a tune with satisfaction , but if it is repeated 
over nml over again, there comes a time when scratching produces burning 
pun that lasts for minutes TJie skm Jus entered its “ susceptible ” state 

There are two states of inflammation of the skm Firstly, an acute 
form, wjiieji is tvpifud In urticaria, m winch the triple response is present 
and is accompanied In itching , m this the vascular phenomena ancl the 
itch are all aserihed to a substance closclv related to or identical with 
histamine Sicondlv, there is the “susceptible” state that develops more 
slenvh, or that develops out of or after the first, winch is typified bj the 
liltiavjohl light reaction , in this the skill is liypcrnlgcsic and susceptible 
to warmth ami either interferences, these giving rise to characteristic burning 
pain , the tenelorm ns and the pain are elue to t lie action of a tissue substance 
upon the pain ne l ve enelmgs , this substance is not luslaminc-lihc though it is 
assoeiated with local vasodilatation It is possible that it is responsible 
for the vasodilatation, though there is no cv iilcncc of this Tlicrc is, however, 
suggestive 4 ev idence that m tins form oi phase of inflammation vasodilatation 
is elue te> a substance otjier than a lust amine equivalent 

One either point of interest arises out of this eliscussion A firm stroke 
of normal skm, nnel especially of skin prone to vvlieal, piovokes the triplo 
response and itching , a firmest loke or rub of “susceptible” skm, ns tins is 
Jiere define d, pi ovokes burning pain Previous w ork lias led to the conclusion 
that a histammc-like substance is releascel from the cells of the skm in t e 
fust instance , it is hero concluded that ft distinct substance is released fiom 
these cells m 1 lie second instance 

If these two conclusions arc correct, it is still difficult to suppose ia 
in the two instances tlie corresponding substance is released merely by 
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increase m the permeability of the same cell nail If "o were to suppose the 
size of the molecule of the histaminc-like substance to be smaller than that 
of the pain substance — a suggestion which would seem to rule out potassium 
salt as the pain substance — then we could suppose that mild injuries would 
release the former only and that severer injuries would release the latter 
In this way we might account for the almost immediate occurrence of 
long continued bur nin g pam m the severer injuries sucli as arise from burns, 
crushes of the skin, and severe freezing But we should still be unable to 
explain why the burning pam is not preceded by or mixed w ith itching m these 
instances It is possible that release happens m some other waj, in one or 
other case, or is from cells of different tj pes Further information is required 
before further discussion along these lines can be undertaken profitably 

Clinical application 

The observations recorded m this paper were suggested exclusively 
by similar observations previously undertaken upon patients suffering 
from various conditions, in which the skm of the feet was reddened and 
tender The observations here recorded upon skm of normal subjects, 
deliberately inflamed by artificial means, are first described because tins 
order of description is the simpler and more convenient It is clear, however, 
from what has already been done on patients that there are several or inanj 
cluneal conditions, in winch the skm of the foot is reddened and painful, 
and that this skm is m the same susceptible state as that described in this 
paper Patients having severe erythrocyanosis of the feet, those suffering 
from severe and chrome chilblain, some of those suffering from tbromboan- 
geitis obliterans — and this list is not exhaustive — complain of burning pain 
m the feet, which is aggravated by warmth, by dependency, and by friction, 
and is relieved by cold, by the horizontal position, and by immobility 
These symptoms are not symptoms peculiar to a specific disease, which might 
be termed “erythromelalgia,” they are subjective manifestations of a certain 
state of the affected skm This state has here been called the “ susceptible 
state " , it is probably associated with a given phase of inflammation, and 
due to the presence of a tissue substance which, playing on the ter mi nal 
nervous apparatus subserving pam, renders the nerve elements hypersensitive 
to stimulation, or m suitable circumstances stirs in them the transmission 
of pam impulses As soon as this correlation between a group of symptoms 
and the common underlying factor is grasped and this knowledge is applied 
to cluneal cases, then we are able to examine and to think about cases hitherto 
passing by such diagnostic names as “ erythromelalgia ” from a fresh pomt of 
view, which at once gives a much closer understanding of these cases Those 
paits of the present studies which deal with patients are progressing upon 
the basis here clearly indicated, and vnll, so it is hoped, be the subject of a 
separate but later report 
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Cnrnr Co>.ct..usioj.s 

' ( , A '7' from P»'». «»cl. n, „ niml to arise from ita doooor 

i t era, hr shm n rapabtr of C n „,g riao to pun of one quality only Different 

V T 0 ' 1 ”"”' ' ,,,rh l )rid '"'B ” O' “ l»'rn.ng result oluoflj from differences 
in ( I uni 1 1011 

2 ®\ ,n .! ,m< ,q qunicK n{] ' in J urctI *n any way enters sooner or later a 

Mwppli Mo whuh (ho pam nme endings arc in a hx persensitive 

stnto so (hat (ho skin is In poralgesic and its pain threshold to heat is 
low mil 


.'t Skin m the susceptible state usunlh displays spontaneous bummer 
pain whin its t< mpcr.it tiro surpasses 32° to .U°0 , it max do so at lower 
ti mjM rat tires 

I Venous congestion, produced 1>\ dependence or otherwise, often 
catiM s pun from skm in the susceptible state This is due to stretching of 
the skin In engorgi ini nt of xissels 

The “ stisu ptible ” state is not the immediate result of mjur\ but 
of ensuing inllammation It is tiused In the hheiation of some tissue 
substance, which nits on the pain nme endings 

(» W In n skin in the “ susceptible ” state is rubbed, pain appears ns a 
dilated after cfTut This pnn is caused bx the further liberation of the 
s wne tissue substance, the concentration of which now rises to a level 
mb quate to produce pnn Simple occlusion of the circulation mat 
simiiarlt raise the concentration of the substance m damaged skm to the 
adi ijimte let el 

7 The c xcitation of pain nerte endings arising during actual stimulation 
of tjie skin is prolmblt pht steal or pht sieo clicmical , tlie mechanism is 
cjuite distiuit from that wliitli produce's pnn ns a delated after-effect of 
stimulation and which is lure studied 

8 Itching and pain are distinct phenomena, the first is associated 
especmllt with tin* triple response and the latter with a later stage, or more 
delated form, of inflammatory reaction 

9 Suggest it c otidencc is put foiward that the vasodilatation 
nccoinpnntmg the latter type of mfiainmnlort reaction is not due to a 
lustanunc-likc substance, hut to some other tnsodilntor substance 


10 The state of susceptibility desenbed, and occurring for example 
m the extremities, is often nccoinpamcd by burning piun winch is 
aggratated by wannth, dependency, and friction, and which is relieved by 
cold, the horizontal posture, and immobility TJieso symptoms are not 
thoso of a specific disease, which might bo termed ci x thromclalgia, but are 
due to a slate of the skm which is common to a number of separato clinical 
conditions 
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CLINICAL OBSERVATIONS ON TWO PURE GLUCOSIDES OF 
DIGITALIS, DIGOXIN AND DIGITALINUM VERUM* 


By E J WAYNE 

(From the Department of Clinical Research, University College Hospital 

Medical School) 


The drugs of the digitalis series hare attracted exceptional interest during 
the present century because of their unique position m the treatment of 
heart disease Attention has been devoted largely to the pharmacological 
and clinical study of the mixed active principles of the different plants as 
they occur m the leaves or seeds or simple extracts The isolation and 
characterisation of the active glucosides have presented chemical problems 
of no little difficulty, and fen, as yet, have been proved to be pure chemical 
compounds Crystalline g-strophanthin (ouabain), which is derived from 
sirophanthus grains, has established its claim to be considered a chemical 
entity, and is used as the international standard for biological standardisation 
of other preparations of stropbanthus In digitalis leaves, several glucosides 
are present m varying amounts Some are ill defined chemical bodies , 
it ib stall doubtful whether even digitoxm has been isolated in a chemically 
pure state Little is known of their effects m man, and our scanty knowledge 
provides a situation not unlike that which would arise, if we knew much 
about the clinical use of hyoscyamus, and but little of the action of 
hyoscyanune, atropine and hyoseme, its constituent alkaloids In the case of 
digitalis, an attempt is made to secure the uniform activity m man of different 
samples of leaf and tincture by biological standardisation on animals, the 
ugs being given parenterallv These methods take into account neither 
variations m the rate of absorption of the different constituent glucosides 
from the alimentary canal, nor variations in their rate of ebmmation from 
the body It is not surprising, therefore, that there are on record cases, 
m which tinctures of similar potency on biological assay, have given widely 
diffenng clinical effects (Wedd (17), Hatcher (5), Eggleston (3)) 

The clinical study of the pure separated glucosides of digitalis is thus 
of interest, not only m distinguishing their different properties, but also 
ecause it affords the possibility of obtaining standard preparations which 


' 3 ?? rapeutlC Tnals Committee of the Medical Research Council 
of bmW^al and standardised ouabain, together with the results 
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can bo given in Known (loses without biological standardisation Tins 
paper m devoted to the stud} of two such substances, digoxin and digitahnum 
v crura 

A new pure ( rv stsllinc glucoside has recently been isolated by Smith (15) 
from the leaves of Digitalis Unwin It has the empirical formula C n II r , 
0,,. and has rectivfd the name digo\m Biological tests show that it is a 
\or\ potent member of the digitalis group of drugs Smith and Grant (1G) 
line rt c\n mined digitalinum uritm, a glucoside present m the seeds of 
Digitalis juirpurrn, onginall} described In Schmicdcberg (14), and further 
studud In Kliani (S) and Wmdaus, Boline and Schwnegcr (IS) The} have 
found that the pun st “ digitnbn ” of previous workers is not a homogeneous 
substance, but consists of digitahnum verum mixed with four other 
glut osuU's Tlun lint mu ended in isolating chenncallv pure digitahnum 
nrmn, winch is thus a\ailable for the first time for clinical investigation 


Method 


(Unrml mu^idi rations The activity in min of a drug of the digitalis 
group in n be shown m st viral wax-. In both health} and diseased hearts 
it mix prod uti thingts in the length of the P-R interval, or m the form of 
the T wnxc m the clictrncardiogrnm If it is given to a patient suffering 
from congestive cardiac failure, the brcithlcssncss max be relieved, and the 
signs of mere is(d venous pressure, such as the enlarged liver and the over- 
tilled veins m the tuck, mu} diminish and finillx disappeir If oedema is 
presint, it max vanisli xntJi a concomitant increase m the output of unne 
and diminution in the bod} weiglil TJiough it is said to be sometimes 
possible to demonstrate these signs of improvement m congestive failure, 
when the licirt is bcittng with normal sums ihxthm, it is m eases where the 
auricles arc fibrillnting that the} mav be confident!} anticipated In this 
condition, the'} arc const mtlv associated vuth, and cm be attributed mainh 
to, a fall in the ventricular late JSnqmrv into the activity of a new drug 
of this class is thus directed, in the first instance, towaids its capacity to 
dimmish the rate of the heart in eases of auricular fibrillation, and it is 
immaterial whether these eases show, in addition, tho signs of congestive 
cardiac failure If the results of increased venous pressure arc present, 
attention is directed towards them with the realisation that the} are 


essentially secondarx effects 

When a drug is given by mouth, it may be altered or destroyed during 
its passage along the alimentaij canal , its absorption may be incomplete 
in degree and variable in rate, it may produce local effects Bor theso 
leasons, and especially bccauso of the more rapid response obtained intra- 
venous injection is picfcrable for testing a new drug A fuller study will 
include administration by .mouth when cvidenco of potency has ee 
obtained Finally, it is useful to compaio the effects and dosage of a ne 
substance with those of a well established drug of the same type 
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These general considerations have led to the method adopted m the 
investigation of digoxm and digitalinum verum which will now be described 
in detail 

Selection of cases Digitalis was withheld for a fortnight from several 
outpatients with auricular fibrillation, and thoso who showed a substantial 
rise m ventricular rate were admitted to hospital Those with chronic 
bronchitis and cons.derable cardiac enlargement were found to be unsuitable 
The bouts of coughing associated with chrome bronchitis produce erratic 
variations in ventricular rate , those who had considerable cardiac enlarge- 
ment tended to develop severe congestive failure which demanded immediate 
treatment 


Details of method Patients chosen for investigation were allowed to 
rest in bed until ventricular rates taken at corresponding times of day for 
several days were approximately the same Tests with one of the 
glucosides were then begun Ventricular rates were taken electrocardio- 
graphically every 10 to 15 minutes from about 9 0am for at least an hour 
In most cases, the ventricular beats were counted directly on the screen , 
ml some, the rates were subsequently read off from electrocardiograms 
When three consecutive readings were in good agreement, one of the new 
drugs was injected intravenously Further readings were taken at intervals 
of 5 minutes for the first half hour, and at intervals of 10 to 15 minutes for 
the next two hours At this pomt the patient was usually given lunch, and 
further readings were taken during the afternoon The anticipated effective 
doses of the new glucosides were calculated on the basis of the biological 
standardisation A fifth of this amount was given intravenously in the 
iirst observation on each drug,, and the amount was then increased until 
definite effects were produced Several days were allowed to elapse between 
successive injections to avoid the effects of cumulation Injections of amounts 
finally decided upon as effective doses were repeated , thus each of the two 
glncosides was injected twice, and sometimes three times m each case 
the effects were then compared with those of a standard sample of ouabain 

j Tte neW 1111128 were & ven m <Wute (8% and 9%) 
SoI , utlon> and 20 c c of a ^ple solution of alcohol (8%) were given 

f wT 1 ° US 5 L aS a C ° Dtr01 N ° alteratl °n m rate was observed during the 
short W after injection of alcohol alone when an effect might possibly 
W been evident and observations were continued to determine the normal 

broulrunlr^ a* t , hr ° U2h0ut tbe da y Lastly, each case was 
d the influence of digoxm administered by mouth A large 

m the a s a£ Ven ^ ab ° Ut J° 0 a m > and tbe case w «s followed through the day 
rf BS “ tests Further smaller doses were 

Sle wS IT and ? + \ the neXt and subsa Tuent days, and the heart 
times ichT^ ^ ^ tl0n ° Ver the ^ at « more standard 

rate at a d ° S6 ^ known wiuch would maintain the heart 

rate at a low and steady level from day to day, digoxm was replaced by 
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standard tincture of digitalis, ancl the dose was adjusted until tlic same 
rates were recorded 

'l’Jus eomph t«* mu stratum was famed out in throe cases TJve method 
is laborious but tin- is in< \itnblc if strict clime d comparisons are to he made 
Othci the r tpt utie procedures jm\< to be suspended for a long time , it is not, 
tluiofore, a suitable me thod for the stud\ of eases with .1 degree of congestive 
failuie gre iter than is rehtwd b\ an uutud period of rest in heel .Similar 
results hiMiu' been old mud from e ich of the three eases, the alcoholic 
control and ottibmi uijm turns were omitted m subsequent tests , m these, 
thrie e tsu reeened digoxin ami dtgitnlinum xertim mtraxcnously and 
ibi'oMn and tine tun of duett ills b\ mouth Digoxm was also guen ornlh to 
si\ird e isi s unsiutid for full ime -.tigat ion of the lntraxonous effects 
When eongi .tt\. failtir. was present, notes were made in all the eases, of 
tin \ i non pressure as e timatedbx the e \ic ss tilling of the \cins in the neck, 
and ofte n of th< uutitn output with a ionst mt fluid intake 

'the result obt mud with each drug will now be recorelcd in detail 


I) worm 

J hgoMti, the c r\stnlliiu glucoside elemed from the leaxes of rhgitnlis 
bivnU i, is \ir\ insoluble in water, but dissolves more cisilx in dilute alcohol 
„\ solution tout lining 0 f» mg of the glueetside ill rich c c of St) /Q alcohol 
wu‘ usiel for mtra\e nous injietion An amount containing the elcsircel close 
was withdiawn from a lubber capped bottle anel mixed m the syringe with 
nine* tunes its \ ohmic f»f stenle ^.elino so that the injected fluid contained 
s<>' uleohol The solution was tmn slowlj injected into a vein m the 
fore irm mem pe nod of three to fix e minutes The glucoside is very irritant, 
and care must be taken to n\otd am leakage into tlic tissues outside the 
xein For oral luliiuiustration, a solution containing 0 5 mg iligoxin in 
Ice of S0% alcohol was used, freshh diluted with water, or with 
chloroform water, which helps to cover the bittci taste of the solution 
Comp u ison witli the effect of international standard digitalis leaf on the 
frog shows that 0 0 mg eligoxm is equivalent to 1 c c of standard tincture 
of digitalis In the cat 0 t mg of digoxin 1ms the same effect as 0 1 mg of 
standard ouabain, or 1 cc of standard tincture of digitalis The dos s 
gixon m the first few observations were based on these figures 

The effect or m/rat criotis mlnnms/ral, on on the rente, cuta, rale Digoxm 
bn been mven m »% alcohol lo mno '"' **• *£ 

of loss limn 0 3 n,g hud 1.1th- effect , smglc doses of from 0 7o mg ! to 1 0 
enused n rapid and considerable fall in tho ventricular raft Tim “«S» 
five to ten minutes after the midpoint of the mjeotion, -oas Tho 

first half hour anel readied its full extent after one to two hours it o 

^szsssss&ss 
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fibrillation, and was found to be greater when the patients were followed 
through the day without the injection of an active drug The average rate 
on the day following the injection of 0 9 to 1 0 mg digoxm was a littlo lower 
than on the day preceding it, but after from 48 to 64 hours no effect on the 
rate could be detected Control injections showed that 20 c c of S% 
alcohol had no appreciable effect on the rate Pig 1 shows a typical result 



Fig 1 The eSect on the ventricular rate in auricular fibrillation of 0 9 mg of digoxm givon 
intravenously (Case 3) 


after the injection of 0 9 mg of digoxm The full fall in rate after this dose 
is usually about 30 beats per minute, but it vanes a little from case to case, 
and is greater when the initial rate is high The activity of digoxm was 
compared m three cases with that of 0-25 mg ouabain which had 90% of 
the activity of U S P X standard ouabain issued by the 17 S Dept of 
Agriculture 1 0 mg of digoxm had a slightly greater effect than this 
dose of ouabain, clinically, it is a little more potent than biological 
standardisation suggests Details of the comparison are given in Table I 


The effect of oral administration on the ventricular rate Thirteen cases 
of auneular fibrillation received single doses of l 0 to 2 0 mg of digoxm by 
ff™, ? ra P ld reduction m the ventncular rate took place in every case 
Ihe faff began an hour after the drug had been given, and reached its full 
extent m six to seven hours The initial rates and the rates at these times 
e given in Table H, while Pig 2 shows m detail the rate of fall m Case 8 
m which a high initial rate prevailed Six hours after the first dose, smaller 

S® 8 V ? f! 8 , 8 day were ^ ven > mtl1 a Ml therapeutic effect was 
obtained, and rates* of between 50 and 60 were recorded The dose was 

avSJfrr 1 ?' 1 T? mamtam the ventricular rate at a constant 
average daily level (usually between 60 an d 70) over a period of a week or 

* The rates throughout this paper refer to ventncular beats per minute 
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7/c tffccl nf infrriMioii* ityrrli'mi of doiorin dunlalmum » rrtini, ounhntt i anil alcohol (control) 
an the ti iitnriihir rate in thnr ruin of auricular fthnUatian irh i rh rccni'cd all three drugi 
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more Finally, digoxin Mas replaced bv standard tincture of digitalis, and 

Ilia dose nns Adjusted until the average daily rates " cr0 *)“ !^T?u”lI 
rlicoMii The (In ilv maintenance doses o! the two thugs tit g ’ 

Tar Lgo or digoxin is 0 m nig a day. and for standard tincture of *ptal« 
2e e a day The ti.no taken lor the r cnlnenlar rate to return , its initial 
level after a single dose of 1 0 to 1 5 mg * as found to be three days 
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the rate had been reduced to fiO or GO, five to seven days "were required for 
complete elimination Tin** short time before the rate rises again after its 
administration lias ceased, and the high dnih maintenance dose, suggest 
thnt digoMn is fnirh rapidh eliminated from the bod\ 

In si\ r tses (he respome to intrn\onous injections of digoxm was known, 
and the extent of absorption could be roughly estimated The total dose of 



I 4 * 2 Tin' tftrvt on (In' M'ntnrvilftr rnt«< in ituncnlnr fil.nllntion of n single ilc^e of 1 5 mg 
di).oMn got n l>\ mouth (C««u' s) 

digovin 1.5 mm.ll. (t c , the initial huge dose plus the smaller doses given 
or ci the ne\l 12 to 21 hours) which gave the nine fall in ventricular rate 
1 0 mg intravenously is given in Table II It will be seen that a doso of 
1 1. mg intravenous and 1 = mg orallv give much the a. mo off ects when 
nllounncc bus been made for the amount eliminated dining tho le mger 1 rood 
over which ,1 was given by month This comparison and o sp«d watt 
.. iv.pi> the ventricular rate begins to fall after n dose by month, show tna 
digovmia rapidly and fairly completely absorbed 

It is more rapidly absorbed and more tap.dlv eliminated than digita n « 
thia eXns whv it is possible to obtain a definite effect on the ventricular 

rate °w itli a dose' only two to lluee *-»«»*£! — that 
differs, too, from digitoun m these respects, for Eggleston H 

tins drug is a little less lapidly absorbed than digitalis 

The occurrence oj »««» «n,l 4**%" ."yen’ a 

diugs of tlio digitalis senes cause nausea and vomit g fa 
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sufficient amounts, and, ns Cusliny (1) points out, any drug •which does not, 
is unlikely to act on the heart 

.Nausea and vomiting w ere observed m only ono case after intravenous 
administration of digoxm This patient had severe congestive failure with 
9 cm excess filling in the veins in the neck, and had vomited once during the 
six hours before the drug was given At 12 30 p m when the ventricular 
rate was 146, 0 75 mg of digoun was injected intravenously The rates 
taken at 1 30, 2 0, 3 0, 4 0 and 5 0pm were 105, 94, 86, S2 and 82 respectively, 
and over this period of time the patient vomited four times A further dose 
of 0 17 mg was given at 7 0 p m , and further doses of 0 34 mg a day for 
eleven days Although the ventricular rate sank to 52 in three days and was 
maintained at a low level, no further vomiting occurred 

Digoxm, given by mouth to two other patients with severe failure who 
were vomiting, was followed hy a similar temporary increase in the seventy 
of the vomiting during the time when the ventncular rate was rapidly falling 
Further doses were given, leading to a greater reduction in rate, but the 
vomiting ceased One patient vomited 2 hours after 1 25 mg of digoxm 
by mouth, but not after one drachm of tincture of digitalis, which had 
much less effect on the ventncular rate Of the remaining ten cases 
who received digoxm by mouth m single doses of 10 to 1 5 mg , one 
expenenced temporary nausea , the others noticed no gastnc symptoms 
Two of these patients, however, vomited after several weeks’ treatment, 
when the apex rate had fallen to between 50 and 60 , in both, tincture of 
digitalis also caused vomiting when subsequently given m do^es sufficient to 
reproduce these rates 


The mechanism of vomiting brought about by drugs of the digitalis 
senes has received much attention and the available facts have been collected 
by Hatcher and Weiss (6) The evidence suggests that it is due to a reflex 
from the heart and not to a direct lmtant action of the drugs on the stomach 
t is probable that m all the cases m which vomiting occurred after digoxm, 
it was due to such an effect after absorption In the case to which it was 
§pven intravenously, and m those which received a single large dose by mouth, 
there was an interval of one to two hours between the time when the drug 
was given and the onset of vomiting At this time, a rapid fall m the 
ventncular rate was taking place Nausea was expenenced in half an hour 
to an hour hy 10% of the cases to which Kobmson (13) gave single large 
oses of tincture of digitalis Vomiting appears to he produced by digoxm 
neither more nor less easily than hy digitalis when the two are given 
comparably b 

Other effects of digoxm Ten of the cases of attncular fibrillation 
heated with digoxm had congestive failure In all of them the excess filling 

* m th ® neck fh mmisIied aft 81 the ventncular rate had been 

reduced, and m eight cases it subsequently disappeared In two cases m which 
the venous pressure remained raised in spite of full slowing of the heart 
chgovm was replaced by digitalis, but this, too, had no effect on the failure ' 
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A restricted and known fluid intake was given to five cases of auricular 
fibrillation burning congest lie failure with oedema, and the urinary output 
uas measured In nil these eases, a diuresis was recorded on the da\ following 

1 0 to 1 .» mg b\ mouth, and this was maintained in four of the cases when 
miiallir doses were subsequently gncn As the urinary output increased, 
the o'deina diminished and finally disappeared 

It is will known that substances belonging to the digitalis group will 
cause alterations in the form of the T wa\c in the electrocardiogram if they 
are guen in Miftieient ilosis l'ardee (11) and many American observers 
bellow that t lie tlurupeutic effect of digitalis is ulwa\s accompanied by 
flat titling or imersum of the T wn\c, which can, therefore, be used to test 
tlu netmly of a drug of the series Other ohscr\ers haw not been able to 
confirm this uew (Oninbmm (i), \\ intcrmt7 (10) ) It must be lemcmbered 
that tlu alterations m earilmc rati, which occur after these drugs m casesof 
auric ulnr fibrillation, may theinsehes gi\e rise to changes m the form of the 
T wa\i Jb lords from two ciscs showed diminution m the amplitude of 
the T wa\e in had III, beumning 1 and If hours respect i\ely% after 
mtrau nous admitnstr it ion of digovin In two eases single doses of 1 3 mg 
digoMti by mouth had no edict on the T waw, although definite slowing 
of thi heirt was produces! In one rise, 3 3 me gnen oralh o\er t clays, 
an 1 m another, S mg , gi\en o\er 10 days, diminished the amplitude of the 
T waw in h id 111 

Two cases, wlulst under tieitment with digo\m, developed numerous 
ONtrasystohs whin the rate lmd fallen to betwicn (»0 and 70, and one case 
showed coupled beats at a \entncular rate of 10 The administration of 
digoMii was stopped, and after sewial days, when extra sy stoles hnel become 
much less frequent, tincture of digitalis was given In cacli of these cases, 
wlu n corresponding rates lmd been readied under ticatmcnt with cbgitalis, 
the same abnormalities were recorded as after digoxm 

Digitalmum tci uni 

Digitalmum \crum, the glucosule obtained from the seeds of digitalis 
purpurea is more soluble than digoxm in dilute alcohol A solution in sealed 
ampoules, containing 2 3 mg in 3 0 c c of 0% alcohol, was uscclfoi intravenous 
injection, and one containing 1 mg m 1 c e of alcohol, for oial 
administration Compniison with the effect of international standard 
digitalis leaf on the frog showed that 2 3 mg digitalinum verum is equivalent 
to 1 c c of tincture of digitalis In tho cat, 1 0 mg of digitalmum vcium 
has tho same effect as 0 1 mg of standard ouabain or 1 c c of standard 
t incline of digitalis 

Effect of mtraicnous admintstiation on the icntriculai rote For safety, 
the dose of digitalmum verum given in tho first few injections was based on 
tho smaller figme piovidcd by biological standardisation Doses less than 

2 0 mg were found to luwo no effect on tho ventricular rate Eight cases 
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then received one or more injections of digit-almum verum in doses of 2 5 
to 5 0 mg The smaller quantities had a small hut definite effect on the 
rate , the larger produced a considerable fall in every case As 111111 digovm, 
the fall began in from four to five minutes after the midpoint of the injection, 
and reached its maximum m one to tiro hours The effect of 5 0 mg usually 
passed off m 24 to 48 hours Fig 3 shoivs a typical result from this dose 



Fig 3 The effect on tlw ventricular rato in auricular fibrillation of 6 0 mg of digitnlmum \ cmm 
given intravenously (Case 3) 


It mil be seen that the fall in rate is less than that prodnced by 0 9 mg 
digoxm in the same case (Fig 1) In the other five cases to uluch both 
drugs were given intravenously, it was found that 1 0 mg of digoxm had a 
slightly greater effect than the 5 0 mg of digitahnum verum Its activity 
was compared in four cases with that of ouabain of 90% standard activity 
and 5 0 mg of digitahnum verum had an equal or slightly less effect than 
0 25 mg of ouabain Details of the comparison of digitahnum verum 
digoxm, and ouabain m three cases are given in Table I 


Other effects of intravenous administration of digitahnum verum Ho 
patient complained of nausea, vomiting, abdominal pam or diarrhoea after 
receiving 5 0 mg of digitahnum verum intravenously Cases showing more 
tnan a slight degree of congestive failure were not treated with this drug 
,, Ut sh ® ht fadnre toere was an increase in the unnary output in 

the 24 hours following the injection of 5 0 mg Diminution m the amplitude 

... . , mv ® in Iea< J 1 [ I ’ sras found m the electrocardiograms from two cases 

mno i T they were taken > oc <*rmng first 14 and 4 hours 

respectively after the injection, of 5 0 mg ~ 1 

° ral admim8ir ation of digitahnum verum In 1893 the impure 
digitahnum verum then available was given orally by Pfaff (12) to 16 patients 

5 ? ?? l Se 7 Vera l cardmo fadQ re, m doses of from 6 to 9 mg a day’ 

£tat tT improvement, and a diuretic effect greater thS that of 
Ayear n i ater Khngenberg (9) failed to confirm these results He 
g much as 20 mg a day for several days to a number of cases without 
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nm oiTcct on the pulse rnlc or nnnnn flow, although both were profoundly 
n fleeted In subsequent doses of digitalis About twenty -\ears later, 
Eggleston (2) found it noeissan to gne IS mg n day for more than 4 dajs 
to one ease to obtain a full therapeutic effect, whereas, in another case, onlj 
u sixth of this quant it n was necessan 

Tlie pure du;itnlmmn urunt at our disposal was gi\ en by mouth to four 
eases of auricular tibrillation Tw o cases rccen eel totals of 30 mg anel 40 mg 


respeitixeh, elistribute el mor two da\s, the other two rccen cd totals of 
(>() nig and 70 nig rcspictneh, distributed o\cr three da\s In none could 
am sigmfiennt tlunges m the m utricular rate be detected Three of these 
c isf*, ui re known to respond full\ to 5 0 mg doses of the drug gnen intra- 
\enoush, anel all re ieted subscqucnth to digoxin In mouth In one, the 
7 w.tu m h ul /// of the eleetrocirdiogrim. which had been diminished in 
amplitude In o mg dtgitaltnum \< rum intr.ncnoush, remained unaltered 
nfkr l>0 mg In mouth It seems ee'rt tin tint less than *> 0 mg of the drug 
was nbsorbi d from the s( large do-is All four patients complained of diffuse 
tbdominal puns ami tenderness on the du after the second e>r third elose , 
two hid, in addition eolie and diarrheal persisting for two dais It has 
bun known sun the time of Withering that diarrhcva and colic nm 


m i isionalh arts! aft< r I irge elose s eif digitalis ( mhm (1) anel Hate her anel 
I ggh ston (7) st Ite that these s\ mptoms are bronglit about m the Mine way 
is \ Diluting b\ an aetiem of the w rY oils si stem r.ither than b\ local irritation 
of the bowel \et the absence* of elmrrhau after digitalis was noted b\ 
Wieken/ie (10) in a series of 13 cases, although \ omit mg was frequently 
preirluc eel On the otIu*r hand, strophanthus anel squills frequently gave 
rise to diarrhea i, e>ften without greuth affecting the heirt rate and without 
pioeleu mg Minuting The s\ mptoms of irritation of the large intestine after 
oi d administration of digitalinum veriun m the abo\c four cases arose 
without am signs of its absorption When pun and dianhocn arise after 
am ding of the ehgitnlis senes has been gnen by mouth it seems probable 
that nutation of the bowel In unabsorbed glucosulcs, or In substances 
produced from them either by lncterml or digest nc action, is as in the 
jjbme instance ie sponsible In considering the cause of the diarrbcaa 
which occosionalh arises after large doses of digit ills, it must not be 
foigotten that botli the lemes and tlieir simple extiaets contain other 
substances than the reachh absorbed digitox.n Tim contain substances 
Mich as “ digit.ile.n,” which me onh nbsoibcd with difficulty and purgation 
IS more reasonably attributed to those than to an assumed central ctfec 


f Thl difference in case of absorption of digoxm and digitalinum verum 
is the reterse of whnt would ho expected from their rclatne solubilities in 
water Tins phenomenon is common among the digitalis glucosulcs A 
vei v large dose of the water soluble stroplmntlnns has to be gnen In mouth 
U, 'rmlnec the same effect on the heait as a small dose of chgitoxm, which 


is ^ cry insoluble in water 
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Suggestions for the therapeutic use of digozin and digtlahnum icrum 


It is usually unnecessary to give digitalis preparations directlj into the 
blood stream Suitable cases are those m which the ventricular rate is high 
and signs of congestive failure seem urgent It is an especially appropriate 
method for cases which vomit immediately anything is introduced into the 
stomach The drawback attending the intravenous use of most of the 
existing preparations is the inconstant activity of different samples of the 
same drug The potency of some preparations, like strophantlim, dimmish 
with time Different samples of digitalmum verum and digoxm have given 
uniform results, and the strength is undimimshed after being stored for 
several months It must be remembered that it is unwise to give any 
preparation of digitalis intravenously to a patient who has already been 
receiving digitalis during the preceding fortnight With tins precaution, a 
dose of 5 0 mg digitalmum verum may safely be given intravenous!}' to an 
adult of average weight This dose reduces the ventricular rate considerably 
within an hour of its administration A dose of 0 75 to 1 0 mg of digoxm, 
given intravenously, will produce a similar result It has the advantage 
over digitalmum verum that its administration can be continued by mouth, 
the first dose being given 4 to 6 hours after the intravenous dose 


Digoxm and digitalmum verum were examined to see if tliej' w ere suitable 
for subcutaneous injection Small amounts of each, either dissolved m 
rnlute alcohol or suspended in saline, were injected into the writer’s forearm 
Both glucosides gave nse to pain and swelling at the site of the injection 
Ihgoxrn is more irritant than the same amount of digitalmum verum, but 
the relatively large dose of the latter required to produce any effect on the 
heart, precludes its subcutaneous administration 


The rapidity with which digosm acts, when given by mouth, makes it 
unnecessary to resort to injection save m exceptional cases, such as those who 

!LI 0ItUtl 1 ag n A , S1Dgle do,e of 1 5 “g ^mild be given by mouth to an 
dult weighing 6o kg (140 lbs ) or over, if it is certain that he has not recently 
received a drug of the digitalis group The dose should be 1 0 mg to 1 25 mg 
m lighter patients, or m those who have been under digitalis therapy during 
preceding fortnight After 6 hours further doses of 0 25 mg should be 
gi en every 6 hours until the ventricular rate lies between 60 and 70 The 
aose which will maintain this level should then be found, this averages 
® ? g a and 13 best g^en m divided doses The mamtenance dose 

dosR nf n^ 11 mdafimtel y and 0Ile of OUT patients has been taking a daily 
aose of 0 <5 mg for over 7 months 

up > digosm is a very potent glucoside of the digitalis group, 
feS n 11 , C ?? astent efiects botb *y mouth and when injected mtra- 
stould P rove of much value m the treatment of cardiac cases 
usrfr.lT, ^ Ve ™ m 0n tbe 0ther band is inert when given by mouth, and its 
t0 CaSeS Where a rapid effect b y intravenous injection 
<1 Thus digoxm is distinctly the more useful of the two glucosides 
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Summary 

1 The effects of digoxm, n now , pure, crxstalhnc glucosulc, derived 
from the Junes of (hqitahb Janata, and of chemically pure digitalmum verum, 
isolated from the suds of diqitah •> purpurea, on cases of auricular fibrillation 
ha>c lit en fullx and s\sti maticalh imestigated 

2 I'nc to ten minutes after 0 77 to 10 mg of digo\m have been 
gi\en mtnnonoiislv, \entntular slowing begins and is maximal in 1 to 2 
hours An intra\enous dose of 1 0 mg digoxm causes a fall in rate slightly 
grintir than that obserud after mtrnxenous injection of 0 23 mg of ouabain 
of '*(>% standard lutixitj 

.1 A similar, but slight lv less reduction in xcntriculnr rate, takes place 
afttr mt raw nous mjution of 5 0 mg of digitalmum xcrum 

t Digoxm, gi\tn l>\ mouth m single (loses of 1 0 to 1 5 mg , causes a 
rapid fall in \t utricular rate, ht ginning ont hour after its administration, and 
ri idling its full ixbnt m six to so\tn hours Digoxm is absorbed and is 
(hmumtul mon rapidlx tlnn digitalis, and if suflicient is gixcn, it causes 
\omiting wlrnh, like Minuting after digitalis is produced centrally 

5 In p itunts stifftimg from congistne eirdmc failure and auricular 
fthi illation, t lu degree of congestion diminishes after treatment with digoxm 
^ hi n o «h m i is pri s< ut . diuri sis oi curs 

(» Digitalmum \iruni. gi\en l>\ mouth in doses of 30 to 70 nig over 
two to thru dn j s, has no efTid on the aentrieular rate, but gives rise to 
abdominal discomfoit and diaiihnn These gastrointestinal symptoms arc 
< i Used b\ dirt it action on the bowel 

7 It is suggested that digoxm and digitalmum xeruin, as pure and 
stalih gluiosidi S of till digitalis group, requiring no biological standardisation, 
are usiful drugs m the tri it mint of aiiruulnr fibrillation when rapid effects 
aie desiri d Digoxm mu be gi\en both b\ mouth and mtiavcnouslv The 
usefulness of digitalmum xeiuiii h limited, smeo it onl\ produces its effects 
on the Item t when gi\cn intraxenoush 
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OBSERVATIONS ON THE MECHANISM OF HEADACHE PRODUCED 

BY HISTAMINE * 


By G W BICKERING 

With the collaboration of WERNER HESS (Frankfurt A/M) 

(From the Department of Chmcal Research, Unncrsity College Hospital 

Medical School ) 


Headache is a prominent complaint in many grate disorders of the cranial 
contents, and, in a milder form, the occasional or frequent experience of 
most healthy people Yet in no condition is the nature of the disturbance 
resulting in headache understood , mnnj suggestions have been made, but 
supporting evidence has been meagre It is still uncertain whether head- 
aches arising in the course of different diseases arc or are not fundamentally 
the same 

Progress would be recorded, if the mechanism of even one variety of 
headache could be determined In headaches occurring naturally m disease 
the problem offers unusual difficulty , for, since the events precipitating the 
pain are so often unknown, it is rarely possible to work under controlled 
conditions When our interest in the subject began, we observed, what 
others have noted before, that the injection of histamine is often followed 
by severe headache Since this headache can easily be produced m normal 
subjects under conditions that may be varied at will, it offers great practical 
advantages for study, and the following is an account of observations made 
to elucidate its mechanism 


Method 

The seventy and duration of the headache produced by histamine 
depend on two factors, the dose entering the circulation in a given time, 
and the susceptibility of the subject To enable us to control the quantity 
entering the circulation we have always injected hista min e intravenously 
As a single injection, we have found 0 1 mg of histamine acid phosphatef 
to be the most suitable dose for 70 kg adult subjects The most constant 

undertaken on behalf of the lledical Research Council A preliminary account 

was published in Bnt Sled J 1932, u, 1097 

f AU doses of his t amin e in this paper are expressed in mg of the acid phosphate 
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results arc obtained -when this is given rapidly, winch enn be best effected 
In injecting 01 cc of a 1 m 1,000 solution m sterile saline The headaches 
described in this paper Iiha c, unless otherwise stated, been produced in this 
v a a 

The intcnsitv of headache dcA eloped m response to a given dose of 
histamine Annes in different subjects, and m the same subject from day to 
day , the cause of this a aria t ion in susceptibility' is obscure On a single 
daA a single subject usually bcha\cs fmrly constantly' to histamine given 
m *wnihn circumstances, proMded that a sufficient time interval (20 or more 
minutes) elapses between successive injections Because of the day to day 
Mirmtion in susceptibility, tverv observation to test the effect of a modifying 
factor on the heidache lias been preceded and followed by a control 

Tim subjects used ImAc been tine fly healthy adult males Some 
observations have n< ee siArdv been made on pit tents,* and the results 
obt mud on them ehffer in no important particulars from those on healthy 
individuals Patients with meningitis, cerebral tumour or arterial hyper- 
tension, and those suspected of n disturbance m the circulation of 
tmbrospmd fluid have been excluded In each observation the subject 
has Inn at rest and, unless otherwise stated, hmg down No special 
pr< t intions have been taken re spectmg the time of day or incidence of meals, 
sum tin si have not been found to influence susceptibility Each 
observation lias been made on at letst three subjects, some of whom were 
ignormt of the e\pi mines of the remainder Each subject was informed 
he was going to have an injection which might give him a headache He 
was fold to sf it t when Jit* lilac ho began, when it ceased to get worse, when 
it stirtul to get better, and when it dis ippenred On the basis of these 
statements diagrams of the intensity of the headache have been incorporated 
m the figures illustrating this paper No attempt has been made to portray 
minor changes in the intensity of the pain 


Thr headache after t titrate nous injection of 0 I vig histamine acid phosphate 

The action of histamine on the systemic circulation begins about 20 
seconds after its intravenous injection, and is signalled by a metallic taste 
m the month «n.l l.j dud, mg ot the face About 20 seconds after the taste, 
a w of throbbing fullness is felt in the head About 40 seconds after the 
taste* headache begins and, rapidly increasing, readies a maximum about 
III seconds later , ,t remains maximal for a further minute or minute .and a 
half, ami then lessens, finally disappearing 0 to 1 0 minutes after the in J 
The ache occurs at first m .sola ted throbs s,ncluonous noth tto temporal 
milsc tint, us it increases in scienty, d becomes continuous noth tbr ° hb '"S 
exacerbations As lime passes, throbbing becomes less oonspionons, aid 
the intensity of the pain « unaffected by th e pulse boat in the last 3 to 4 
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mmutes of its course Wliat is here described as headache is a definitely 
painful sensation to be carefully distinguished from the sens * o{ “ or 
kch usually precedes it The seventy of the pam is variable but may bo 
so great as to give nse to restlessness The time relations of the headache 
jusf described are those which we have found to be typical for susceptible 
normal subjects after doses of 0 1 mg With smaller doses or with less 
susceptible subjects, the headache is less severe, begins later, and ends earlier 
The converse is true with increased dosage or susceptibility Rarely, a 
remnant of headache may last for several hours 

In normal subjects the ache always affects both sides of the head equally 
It usually begins m the forehead, often just above the orbits, occasionally 
in the temples, and, while remaining mammal there, invades the vertex and 
occasionally the occipital region as it increases m seventy As the ache 
lessens, the area involved retreats until, finally, it is restricted to that 
initially affected The pam is a little dull in character, hard to locate 
precisely and is felt deep in the head It is unaccompanied by tenderness 
of the scalp Nausea is unusual but may be expenenced when the headache 
is severe , vomiting has occurred only twice in over two hundred observations 
Bright spots m front of the eyes have been descnbed by Best and McHenry (2), 
but have not been expenenced by any of the subjects examined by us 


The place ts which headache apises 
The disturbance producing headache may, conceivably, take place m the 
scalp, the skull or the cranial cavity It u ill first be shown that the headache 
does not anse from the scalp 

The circulation to the scalp is arrested by pneumatic pressure applied, 
around the calvanum, along a line passing just above the supraorbital 
crests and mastoid processes On exerting a pressure a few mm above 
systolic blood pressure, the scalp remains blanched until the release when it 
flushes vividly , the pressure should be such that it produces little dis- 
comfort If histamine is injected intravenously, about half a minute after 
arresting the circulation to the scalp, headache develops m the usual way 
If, after a histamine headache has developed, the head is rapidly shaken 
from side to side, or is nodded, the seventy of the pain is greatly increased 
The effect appears a fraction of a second after shaking begins and gradually 
subsides a few seconds after shaking ends Shaking the head will bring 
back a headache that has just disappeared at rest, but has no effect before, 
or long after, the injection of histamine It must be supposed that the 
disturbance producmg headache anses m a structure which is strained when 
the head is shaken This structure cannot be the calvarium , it probably 
lies in the meninges since the bram will tend to oscillate independently of 
its rigid case, and so strain these membranes 

Further evidence as to the anatomical origin of the headache is obtained 
by studying the effects of nerve section Histamine has been given to 
3 patients in whom sensation over the cutaneous distribution of the 
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■which is nchly supplied by nerves There seems to be agreement that 
mechanical stimulation of the meninges only produces pam, when the parts 
m the immediate neighbourhood of the large arteries are disturbed It 
is to be noted, however, that the structures responding to faradism and to 
clamping may not be free pam nerve endings , they may be the nerve fibres 

The mature op the disturbance producing headache 

It has been suggested by Leake, Loevenhart and Muehlberger (14) that 
cerebral vasodilatation may be a factor in the production of headache, 
on the grounds that nitroglycerine dilates the cerebral vessels in animals 
and may produce headache in man The more recent observations of Forbes, 
Wolff and their collaborators (10), (26), (28) on the pial circulation have shown 
that a number of agents, said to produce headache m man, also dilate the 
cerebral vessels But these headaches have never been adequately described, 
and the facts are too meagre to warrant any conclusions as to the mechanism 
of such pam It is known that m man histamine acts chiefly on the vascular 
system, and it is possible that the headache may result from this action 
To investigate this possibility, we have determined the relationship between 
the development of headache and the physical changes due to the action of 
histamine on the vessels 


The events following intravenous injection of 0 1 mg histamine acid 

phosphate 

The events following the intravenous injection of 0 1 mg histamine are 
summarised m Fig 1 * About 20 seconds after the injection, and simul- 
taneously with flushing of the face, the pulse quickens, the blood pressure 
falls, and the cerebrospinal fluid pressure rises The facial flush rapidly 
deepens, is maximal 20 to 40 seconds after its onset, and then slowly fades, 
lasting in all about 3 minutes The curve of cerebrospinal fluid pressure 
runs nearly parallel to the intensity of the facial flush The fall of artenal 
pressure is of shorter duration The relationship of the headache to the 
changes in artenal and cerebrospinal fluid pressures will now be descnbed 


The artenal blood pressure p The effect of histamine on the artenal 
" pressure has been vanously descnbed by previous workers Thus 
subcutaneous injection of 1 mg Harmer and Hams (11) found a fall 
ystohc and diastohcpressure the rule, while 42 out of 60 patients observed 

(25) are to have responded to intravenous 
injection of 0 001 mg bistamme per kg body weight by no change, or a nse 

two of the r oat attention to the headache and not more than 

is, however, remarkably constant after mt ewelationship of the different events 

t 7 * aft€r ™ rap'd injection of a given dose of histammB 

method hSow a Rwa°R^, e ^Llot ,0d PreSSuro hws described were made by the aosculetory 
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of 1 .I nun Jig In nil of our observations (GO on 10 subjects) the intravenous 
injection of 0 l nig histamine lias produced a fall of blood pressure , tho 
fall m s\ st olic pressure lias \nncd from 10 to 3fi mm Hg and m diastolic 
presume from 10 to 10 mm Hg The fall of diastolic is usually n little 



I iK 1 To obou tli > « «>ur» i o( tho is ri'liro ipiiml fluid pres-nurc (0 S I ) tho sx *itohc blood pressure. 
Mi farm! Audi hM nn n) and tho In ulnthe, nftt r tho mtmxonnUM injection of 0 1 me: 
hi-lnmuit’ «< id pliotphnti nl 0 tmmib i Tito xnluis for ron bnxpmnl fluid pre«»ure nnd 
f\»l/>li< IiIikhI pn .uro njm nt tli« nxeniko of 10 oh crxntion* on C MibjeoN, nnd 10 
ol> rxitliont on r > »ubji*< t-i n <|n> tixt 1% Tin t<>ur-o of tin fiu ml Audi nnd of tlie headache 
n pn * lit 1*1 ol>-« rxatioiH on l> enbjei tn Th« inti M*»«t i« s of the lir-ndnthc nnd of tho flush 
arv n pri • tiled nppn»\nimti lx In thn nnd MiKi'quont fikun v » tho times xxhen hendmho 
l» „uii i in i i to k> t \iorl Ktnrtii to h • n, nnd di*npp. nr»« linx obis n chnrUd Tlic-e points 
hnxo Ikn n joined l.\ htnxnjit hm-i 

greater than tliat of systolic pressure, ns Fig 2, tjpicallv, shows Comeident 
with oi slioith before the t isto, systolic and diastolic pressures fall shnrplj, 
attain tliur lower limit r> to 10 seconds later, and then more slowly return 
to tliur rt sting \ allies The fall of s\stohc pressure usually lasts 30 to 40 
seconds, the fall of diastolic is detectable a little longer It is usual for tho 
systolic, and not infrequent foi the diastolic, pictures to he raised bx 3 to 10 
mm Hg during the .10 to 00 seconds after recovering from their fall 

Headache has nc\cr been noted to occur during the pcnod of lowered 
sistolic blood pressure , it begins a few seconds nftei this has regained its 
mutual lex el While the headache is increasing m severity the blood 
pressure is usually a little raised, but during thcrcmnindei of the course of the 
iicndneho the blood pressme is normal 

The hnnhm cnchro^piml fluid jncsinre * In 10 patients lumbar 
punctilio was pcrfoimcd m tho horizontal position for diagnostic purposes 

* M< warns 1 m tho obscrxations lion' described in n xortienl manometer tube attached to 
tho upright limb of a 3 wax tap incorporated m tho lumbar puncture needle 
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and the changes m cerebrospinal fluid -were related to the development of 
headache after the intravenous injection of histamine The results are 
summarised m Fig 1 and Table I The cerebrospinal fluid pressure begins 
to nse at the moment the face flushes, reaches a peak value 5 to 30 seconds 
later and then begins slowly to fall to its resting level, which is reached about 
2 mintltes from the outset Headache does not begin until the cerebrospinal 
fluid pressure is falling from its highest value , it increases m seventy as the 
pressure returns to its restmg level, but its further course is not associated 
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Fig 2 Ho Jan. 17th, 1933 Shows the course of systolic and diastolic blood pressure, of the 
pulse rate (m beats per nun ), and of the headache, in response to an mtmienous injection 
of 0 1 mg histamine acid phosphate The pulse rate was counted at the wnst m 10 second 
periods 

with any change in lumbar pressure The height to which a given dose of 
histamine raises the lumbar pressure has vaned in different subjects, 0 1 mg 
causing a nse of from 3 to 23 cm of cerebrospinal fluid , but the magnitude 
of this nse m different subjects presents no constant relationship to the , 
intensity of the succeeding headache 

The intracranial pressure In 3 patients presenting cranial defects 
om cramotomy for subdural cyst, bullet wound of the brain, and section 
of sensory root of the tirgemmal nerve, we have observed the changes m 
intracranial pressure transmitted through the soft tissues overlying the 
aperture m the skull To avoid leakage in the recording system a small 
rubber balloon was inflated made a capsule of dental was modelled to fit 
the margins of the bony defect The neck of the balloon passing through a 
o e m the capsule was connected to a recording tambour writing on smoked 
paper The subject was attrng to avoid the respiratory changes m intra- 
cranial pressure which appear m the horizontal posture 
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To ' hem the time relation' oj the rise oj lumbar pressure and of the headache after the intravenous 
injection of histamine acid phosphate The onlcr of these cases is approximate bj that of the 
friYriti/ of thr headache 
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The changes in intracranial pressure so recorded are similar to those 
of the lumbar cerebrospinal fluid pressure already described Thus, coinci- 
dent -with the flush and taste, intracranial pressure begins to rise sharply, 
quickly reaches a peak and then more slowly returns to its restmg level, 
the total duration of the rise after 0 1 to 0 12 mg histamine being 70 to 
120 seconds The relationship of the headache to these pressure changes 
is illustrated by a typical example m Tig 3 and is similar to that described 
for lumbar cerebrospinal fluid pressure Headache does not begin until 
the pressure is falling from its peak value, and reaches its maximum severity 
and subsequently continues when the intracranial pressure is at or about its 
restmg level The rise in lumbar pressure in response to histamine has been 
recently noted by Weiss, Robb and Ellis (25), who, failing to find any 



Fig 3 Go Cranial defect 6 cm diameter m temporo parietal region following operation for 
subdural cyst August 18th, 1932 A record of intracranial pressure by tlio method 
described in the text At EsJ 0 12 mg histamine acid phosphate was injected mtra-i enously 
The headache began 37 seconds, was at its height 1 mm 20 secs, and disappeared 7 m.nutes 
after the appearance of the facial flush 


appreciable change m systemic venous pressure, asenbed it to cerebral 
vasodilatation This they confirmed m a patient whose brain was exposed 
under ether anaesthesia , for they observed that intravenous injection of 
0 05 to 0 1 mg histamine acid phosphate produced flushing, bulging and 
increased pulsation of the brain, changes lasting 90 to 120 seconds In 
cats under amytal anesthesia, Torbes, Wolfi and Cobb (10) observed the 
piamater through a glass window screwed in the skull , they found that the 
mtmvenona mjectmn of 0 003 to 0 47 mg histamine per kg body weight 

me d Th ^ P1 f V6SS ? IS fr ° m artenes 288 M 111 Gamete? to those ofLpillLy 

vasodilatTn^ h !i S0 sWd that Lee ’ s < 15 > failure to ^serve cerebral 
£ kon from lui ^a^e was due to the vessels being already maximally 

ddated by the .ether, employed as anesthetic Lastly, Kelier (13) has 

thaTmtLT ^ Eem ’ S ^““ostromuhr on dogs under pemokton anesthesia 

inCTease^nT 6 ^ eC ^° n of ° 05 to 0 2 mg histamine produces a large 

falTof hWn W W ™ Ugh the Car ° tld arter y> 111 spite of a coincident 
of blood pressure Thus, it is certain that histamine produces cerebral 
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vasodilatation Because ihc rise m lumbar pressure lasts so Bliort n time, 
and because it is unaccompanied by significant changes m general venous 
pressure it is probablj due to cerebral -vasodilatation alone While the rise 
in lumbar and intracranial pressures must be ascribed to expansion of the 
vessels of the central mrvous svstun, their fall maj be due m part to an 
inert ised absorption of fluid tending to restore the normal pressure level 
\\ hen the rigidit} of the craniospinal space is reduced by the absence of part 
of the tiaiual vault, this compensator} process takes place onl} slowly, as 
will lu* shown lattr The fall of intracranial pressure as recorded in Fig 3, 
tlurefort rt prest nta tnntnlv a narrowing of the vessels of the brain, a conclusion 
ninth is support! d bv the sinulnritj between the duration of the cerebral 
flu-li <»bs< rvtd b} Wtiss, Robb and Kills (25) and the rise in pressure here 
dts< rthed Thus wi mav s-iv that afttr an intravenous injection of 0 1 mg 
histamine, hiadnthc develops as expansion of the cerebral vessels, taken ns a 
u holt , subsides This coiulusion harmonists with the observation that pain 
btgms and im rinses in seventy ns the facial flush fades 

Tile striking fact that emerges from these observations is that headache 
dot-, not occur while the phvsunl changes due to vasodilatation are most 
mu me , it tit v clops as thtM subside This relationship is not accidental, 
ns tin following obst rv at ions on prolonged infusions and repeated injections 
show 



34 nm. 


J in 1 K Vhj, nth, 1(113 SlniWH the cour-c of Mhtolic ond dwatohe blood preswirea and 

of tin hciulmho in nwponso to nn mtrnvtnous infimon of lust amino nt tho mtc of 0 13 mg 
|H r mmuti 

The uitraicnou* infusion of histamine at a constant rate 

The ten subjects examined bv us may be divided into two groups, 
according to their behaviour to histamine infused intravenously at o t steady 
rate of 0 1 to 0 17 mg per mm In the first group of 8 subjects who 
experienced no headache during the injection of histamine lowered systolic 
and diastolic blood pressures were recorded throughout the infusion, in 
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each of the 6 subjects in whom blood pressure was measured (Fig 4) About 
30 sec after stopping the infusion the pressures rose to their resting levels, 
and often in the next minute a little higher 

The lumbar cerebrospmal fluid pressure, examined m 2 cases, showed 
an initial sharp rise, winch was not maintained, the pressure gradually 
subsiding to its resting level, which was reached about 8 minutes from the 
outset (Fig 5) After stoppmg the infusion the lumbar pressure slowly 
sank to a level below that from which it started Intracranial pressure 
recorded on two occasions from a cranial defect also fell from its highest 
point dunng the infusion, but the fall was less rapid than that of lumbar 
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5 7 9 II 13 15 17 19 21 23 25 27 29 Mill 

Fig G Ha (Painful appendicectomy sear) Aug 10th, 1032 Shorn; tlio course of the lumbar 

cerebrospinal fluid pressure and of tha headache in response to on infusion of histamine ot 
the rate of 0 15 mg per minute In this and subsequent figures the lumbar pressure is 
in cm of cerebrospinal fluid 


pressure and 10 minutes from the outset was still incomplete (Fig 6) The 
subsidence of lumbar and intracranial pressures, during the infusion of 
histamine at a steady rate, might be due either to a decline of cerebral 
vasodilatation or to mcreased absorption of cerebrospinal fluid That the 
second is the correct explanation was concluded by Weiss, Robb and Ellis (25), 
who first described the phenomenon, because they found that, although the 
lumbar pressure fell to its resting level during the infusion, the pulse 
oscillations remained mcreased This we have been unable constantly to 
confirm, but we agree with their conclusion for the following reasons In 
the first place there is no evidence that dilatation of the minute vessels 
subsides during the infusion, for the flush does not fade from the face, and the 
forearm volume, recorded plethysmographically, remains mcreased Secondly 
it is known that raising the cerebrospmal fluid pressure, without a corres- 
ponding rise of pressure m the dural venous sinuses, increases the rate of 
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absorption of ceicbrospmnl fluid until its pressure again approaches the 
normal level JJmt the fall of intracranial pressure during the infusion 
shoun in big G is loss pronounced than that of lumbar pressure m Fig 5 
is probnl.lv duo to a difference in the r.gulitj of the craniospinal spaces 
occasioned h\ the largo opening in the cranial vault of the subject 
of Fig 0 


hi all the S subjects of tins first group no headache developed during 
infusions lasting foi J, 8 or 10 minutes , the onlj sensation experienced m 
t)io Jioad was of t Milling fullnrss during the first 2 to 4 minutes, although 
after the Gtli or 7tli minute a (race of headache could he produced bv quichlj 
slinking the lu ail This tendency to he idat he, during the later stages of the 
infusion, ma \ he eorrelatid with the subsidence of raised intracranial 
pri ssiire In all of these subjects headache began 30 to 70 seconds after 



1 it, f> <u> \u I lt!i, 1*» l- Miowi tl> ' 1 ur\e of tut nu nmmt |m -.sun' from tlif> «nmp sul»jw.t 
as of In. 1 \n mfii mu of hintmmtu' nt tlm ruti of 0 1 nu, jx r minute uai loininenceil 

to Msnn<|s t» fon> flu flush sii imllisl in ih, fn,un> The rtir\i-< nt !i uuruite-i nnit nt 10 
inrnuli i nfl< r lx ^uiimu th uifunnu nn vliown 'I In mfusum wiw xlo|ijssl nl 10 minuter 
In mini li i I* „ m nt 1 1 tnin-i 10 min mul In t,*! T tnimiti •. 


stopping the infusion, no matter what its prev ious duration , the pam quicklj 
reailud a maximum and then declined, lasting 8 to G minutes m all The 
headache was similar to, but rather less se\ere than, that produced b\ a single 
injection of 0 1 mg In nil of these subjects the onset of headache 
coincided with, or quickly followed, the recovcij of the arterial blood 
pressure from its fall 

Two features distinguished the second group of two subjects In the 
first place, both subjects developed severe headache during tho course of tlio 
infusion, 1 minute and 4 minutes, icspcctiveh, after the onset of vasodilata- 
tion Sccondh, m each subject the systolic blood pressure, after an initial 
pronounced fall, returned to its resting level a little before, oi sliortlj 7 after, 
the onset of headache (Fig 7) In neither subject did the facial flush fade 
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during the infusion It seems probable that in these subjects some secondary 
reaction occurred, which successfully counteracted the depressant action of 
histamine on the arterial blood pressure , and that this was associated with 
the development of headache 

It is evident from these observations that the development of headache 
is associated with the recovery of the arterial blood pressure from its fall and, 
to a less extent, with the subsidence of raised cerebrospinal pressure That 
the period of lowered blood pressure and of raised intracranial pressure is 
not merely preparatory, but is actually inhibitory, to the headache will now 
be shown 



5*6 * G Oct 13th, 1932 Shows the courso of systolic and diastolic blood pressures and 
of the headache in response to an mtra\onous infusion of histamine at the rate of 0 11 mg 
per mmute 


The effect of a second injection of histamine 

In 8 observations on 5 subjects, a second injection of histamine has been 
given when the headache due to a first was at its height In each case, 
coincident with, or shortly following, the second flush, the headache 
disappeared completely, to return as the dilator effects of the second injection 
subsided Thus headache disappeared, on an average, 4 seconds after the 
us , remained absent for a further 22 seconds and then returned, gradually 
h TV ° r sur P assm S its original intensity The disappearance of the 
ea ac e was associated with the usual fall of blood pressure and rise of 

i I *u )reSSUre following protocol shows a typical observation m 

men the blood pressure was recorded 
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It has now Ik on shown that a dose relationship exists between the 
physical changes due to uisodilat it ion and the development of heidiche, 
the pun fails to appeir, or is inhibited, when thi plijsieal changes are most 
intense, and begins as tiuse subside Tins finding strongly suggests tlint 
tin* hr ulatlic is due to a met hamuil disturbance arising out of, and residual to, 
the iu turn of histamine on the \essels , it is entireh inconsistent with the 
Mew that the headache is due to a chernicd change For, if the pain were 
chemical in origin, then the latent period elapsing between the beginning 
of Misodilutation and the onset of headache would represent the tune taken 
for histamine, oi some product of its action, to attain nn adequate concen- 
tration around the pain non e endings But it hns been shown that the latent 
period may be lengthened b^ prolonging the injection, and that a pre-existing 
headache is abolished bj a second injection of histamine for a period corres- 
ponding to the usual latent period Tins abolition of hcadnclio is due, not 
to any specific chemical effect of histamine, but to -vasodilatation, for a 
sinnlni effect follows the inhalation of anvvl nitrito, a substance producing 
profound -vasodilatation m which the cerebral vessels share (26) While 
this dilatation is intense a histamine headache is abolished, ns the following 
protocol rIiows 
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Protocol 2 Aug 17th, 1032 Subject W H , Ij mg horizontal on couch 
Time BP mm Hg 


Min Sec. 

syst 

diost 
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2 30 

120 

80 

300 

110 

7S 

6 00 
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6 30 

118 

7S 

6 63 



7 16 



7.25 

102 


7 42 

118 

84 

745 
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12S 


8 30 

120 


8 53 



9 05 



9 07 



9 20 

SS 


9 30 

112 


965 

118 


10 40 

130 

10S 

10 50 



11 10 

136 

96 

1150 

122 

90 

12 30 

128 

90 

1405 

123 

so 

17 00 

122 

78 

28 00 

122 

84 


Injection 0 1 mg lustamino acid phosplmto mtnu cnouslj 
Take and flush 


Throbbing headache begins 

Headache \ er\ so\ oro 

Flush nearlv gono 

Inhalation of 0 3 c e am\l nitnte 

Headache less Face flushing 

Headache gone 

Inhalation stopped Flush full 
Throbbing ache returning 

Severe throbbing headache 
Flush practicallj gone 

Flush quito gono ache now moderate 
Ache much less now 
Very sbglit tlirobbing nclio 
Ache very shght, not tlirobbing 
Ache gone 


Comment on current theories Before presenting further evidence which 
indicates the nature of the disturbance producing the histamine headache, 
it will be well briefly to consider whether this pain can be accounted for on 
current theories 

Because headache is the most prominent symptom of a number of 
pathological conditions in winch intracranial pressure becomes raised, and 
because it is relieved by operation for relief of tension, the pain has been 
ascribed to stretching of the parietal dura mater by tbe pressure of the 
underlying structures Histamine also raises the intracranial pressure, but 
it is already obvious that this is not the cause of the pain, for there is no 
synchronism between the rise and fall of intracranial pressure and the 
beginning and ending of headache 

A second theory, put forward by Trotter (23) to explain headaches 
of organic disease of the brain, and those following lumbar puncture, is that 
the pain arises from stretching of the intracranial septa Since histamine 
will affect both hemispheres equally, a deflection of the falx can hardly 
occur m normal subjects In patients presenting a large eccentric opening 
of the cranial vault (see Big 3), a deflection of the falx to the side of the 
defect might be expected at the height of the histamine vasodilatation , 
in these, as m normal subjects headache fails to develop until vasodilatation 
is subsiding Stretching of the tentorium would occur if a difference m 
pressure were established on the two sides of this membrane, for example, 
by impaction of tbe brain, at the isthmus That this pressure difference 
does not occur is indicated by tbe similarity between the curves of lumbar 
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and ml morainal procure sepnrntch recorded (Figs 1 and 3) Furtlicr 
Uto luinlmr and intracranial pressures June boon snmiltancoush recorded 
in a girl, aged 10, presenting a cranial deft cl, fi rm m diameter m the 
p trtolul region, through which a nuningionta had been rcmo\cd 7 months 
preuoiish In this pitient, after lntniunnus injection of 0 07 mg 
histamine, both pressures rose remind peaks and subsided to then initial 
i. dins MintlltaiK otis|\ , he mine he eh \ elope el as the iiressures fell, and Mas 
s «’«re when liotli mie normal Thus, m this obs t r\aticn, Jieaclachc Mas 
l’ r « si nt when the pressures both abo\e and below the tentorinni were the 
same as before the injection of histamine 

While the In wine he 4 e innot be aseribed to one of the more obvious 
fomis of stretching to which pirts of the cranial contents arc liable, \ct 
time is strong mdemi that the pun is dm to tension Thus it has been 
sJneun that the pun h gre ith me re* w el b\ rapid mnunients of the head 
which must strain the mi mngi •* More tomltisiu are the observations, 
now to be disinbed, winch show that the pun ma\ be* h ssened or abolished 
b\ a *imph rusing of e e ic broepnml flunl pre«.»ure, or In a simple lowering 
of arte ml blood pressure 


Tin 'Jftrt mi tin In tnlm In of rni'iini crrilmnpival flunl pressure 

If the jugul u u ins are* compressed in the neck a histamine headache, 
proehiced m the mud wa\, is at once lessened, and remains so while the 
eompitssioii is maintained (.total sen ) On rcltismg the compiession 
In idutju* immeduteh increases, attains for a moment an unusual scveritj, 
and then ejtiic kl\ retmns to its c ustomun Ioiol Tlie relief and return of 
headache are coincident with a rise* and fall of cerebrospinal fluid pressure 
observ d if liiuib ir puncture lias be e n performed Prolonged straining, ns nt 
stool, produe os a similar or e\e n gre Ucr ch'gree c»T reltef, the headache being 
also monmntnnh inert >iscil wlien stunning is stopped Tins act is nccom- 
p lined In a transient and small rise of blood pressure ( r >-10 mm Ilg ), In 
eoiiside uible engoigt ment of the face, and In a large rise m cerebrospinal 
fluid pussiire (20 30 cm If ()) A smaller, jet definite,* degree of relief 
is produced In lowering the head of a picniousl> horizontal subject lung 
on a swing (out)i A Jieuliulie piodueed in the horizontal position is a little 
intensified In stanelmg up * 

Those ohsc tuitions clo not make' it eleir wJicther t lie relief of headache 
is due to a rise of toil lu ospinnl fluid picssuic or to a rise of intracranial icnous 
prissure 'Hint it is the rise of ccrcln ospmnl fluid piessmo which lessens 
lirachulie is shown in the following wnj We found, In chance, that a 

* 1 lie* HTm Is of n riM* <»f mlrm riinml pn vmro un* h*vi striking whoa this is produiisl J**®*’ 1 ' 

tin* imoetioii of liiitniniiio unit mmntninoel throughout tho itnuxo of the* succeeding UonttnoJio 
'thus, < 'impression of tho jugular \oins, lieforo tho injoction of lustmnmo anil nuuntainexl • uii i 
lit aihu hoeliMippc urn, eloos not npprci inbK influence the times of liogummg anil ending of ictu nt ' 
though lessoning its intomnti V goon eloso of histiunuio produoos similar hoiulnilies ution tno 
mihjoct is in tho horizontal, henel cloun, or sitting positions 
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prolonged histamine headache, prenousty relieved by jugular compression, 
was intensified by the same procedure after the ■withdraw nl of 15 c c of 
cerebrospinal fimd This result we have confirmed in a slightly different 
way in two patients, one of whom was the subject of Fig 8 In tins patient 
headache, developing after the injection of 0 12 mg histamine, was rclioicd 
as usual by jugular compression When this headacho had disappeared 
15 c c of cerebrospinal fluid were withdrawn, and 0 07 mg histamine injected 
intravenously The Tesultant headache was twice found to bo increased 
by the same degree of jugular compression as that previously used, while 



R P ” 12 M ^ 18 23 ” 21 29 31 111,1 

effect 7, It ,S 1 DlSSeminated BCIerosls > 8 6° « June 13th, 1932 To show tho 

C °T“ (JC) ° a tbB cerofaros P““ I *>* pressure and on tho headacho 
Mmc and after withdrawing cerebrospmal fluid After tho first injection of 0 12 mg tho 

“iTfaUoTi? th8t ^ ° 5 ° ° ™ the top of the 40 cm long manoLtor 

second miccf, preSaW> be!ow lta ^ting level afterwards is thus explained T . he 

second injection of histamine was reduced to 0 07 mg as the first heacJie was rather 

reduction ° f c ® r ® bros P mal fltud pressure was much reduced This 

to expand ^ mablilty of the intracranial venous channels 

fluid withdrawn q 7 ^ aIready distended to compensate for the volume of 
jugular com nro o ^° e 1136 of mtra °ramal venous pressure induced by 

pr sion depends only on the degree of obstruction imposed, it 
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may he assumed lo be the same before and after -withdrawal of cerebrospinal 
fluid This observation therefore suggests that a rise of intracranial venous 
pressure m itself tends to aggravate headache, ordinarily this effect is 
outweighed In the inhibiting action of the concomitant rise of cerebrospinal 
fluid pressure 

Direct evidence that a rise in c< rcbrospinal fluid pressure itself relieves 
the headache has been obtained from observations made on three patients, 
m whom 20 e e of warm normal saline were injected into the lumbar 
subarachnoid space An observation on one patient is summarised m 
Protocol 3 and Fig 0 'Hie other two, suffering from peripheral neuritis 
and progressive muscular ntrophv, behaved in essentially the same way, 
he tdatlie being quu klv abolished hj the injection of saline, but its recurrence 
with the fall of cerebrospinal fluid pressuro was less striking than in tho 
CNample given 
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U\ l!i<» jmtmiit u<w n«* follow** — 

Min SfO f 

I r. luji el ion of 0 1 1 cc 1 1,000 h.stnm.no nciil pl.ospl.nto mto forearm vein 

i r.2 J'iico flaiiii 'i 

1IJ Jlnntlntlio begins in pnriolnl npion 

r> I r » \tl.p at its height, modcratcU Inti, throbbing 

r, IB \tho getting less 
(1 n A cl ip slight 

7 111 Jlenclnt be gone 


IfifiO Injection Oil co 1 1.000 bistnm.no ne.d pl.ospl.nto mtrnv enouslj 
17 7 Into lliislirs 
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conspicuous directh nftcr the onset, and steadily declines during the course 
of the liendaihe, being unnoticenblc during the later stages Rarely the 
headache ma\ be throbbing to the end Occasionally and part icularly w lien 
the liendnehe is slight, the pulse fails to nffcct it at anv stage 

Muller's experiment Til Muller’s experiment the lungs arc emptied 
to then full extent, the glottis closed and a forcible inspiration made The 
result is a fall of 1 *5-20 mm Jig of the arterial blood pressure, an effect due 
to stagnation of blood in the thorax, consequent on the strong negative 
pressure there set up (.You don and Harris (5) liaxc shown radiologically 
that, in this act, the xolunie of the heart is augmented and the density of 
t he lung root shadow s increased "When a histamine headache has developed, 
the pirfornnnee of Muller’s experiment lessens the intensity of the pain, 
which it turns to its custonun lcul when normal respiration is resumed 
Tiie rein f is not dur to a rise in \enmis pressure for we June neicr observed 
signifK.mt tongistton of the face during the experiment, nor have we 
expirionnd am reluf of pun b\ holding the breath for a similar length 
of time The following protocol illustrates these observations 


/•n..v l 1 S.tl.jst \\ II . 22n«l. 1^32 Lmiv horizontal on couch 
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1 cuimmml It 1ms nlrc.uh lice. remarked tlmt prolonged 

oral gradual straining, ns nt stool, is nssocintc.1 mill conspicuous congestion 
of tlic S iun. u.th rah, f of headache If, hone, or, the net 
little tliffcrcnlh , and ii smlilcu \cn forcililc expiration made with ll ' p S ,ot ' 
clo'e.1 Wtlc congestion is produced, ulnle the orter.nl pressure, for a feu 
£t" of the pulse, . iscs h, ...ore thnn 20 mm Hg rerformed » tins unv, 
Valsn hit’s experiment momcnHril} intensifies^ the pain nr fer,al 
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pressure produced by acts, such as muscular exercise, m which the tone of 
the vessels is known to alter, have inconstant eSects on the headache In 
four subjects in the horizontal position n e have investigated the effects of 
raising and lowering each leg alternate^, exercise chosen to prevent move- 
ments of the head which are known to accentuate headache In 3 subjects 
such exercise failed to affect the intensity of the pam, though blood pressure 
was raised 20 mm Hg The fourth subject experienced aggravation of the 
headache dunng this exercise in numerous trials 


Discussiox 


From evidence already given, we have been led to believe that the 
headache arises in the meninges and is caused by some simple mechanical 
disturbance which develops as the changes m blood pressure and cerebrospinal 
fluid pressure, produced by histamine, subside This mechanical disturbance 
seems to be a tension effect which may be increased by certain acts and 
decreased by others, thus producing an increase or decrease of headache, 
respectively While, at the moment, any final conclusion is unwarranted, 
some suggestions may be made as to the possible nature of this tension 
phenomenon 

The relief of headache when the cerebrospinal fluid pressure is raised, 
or the arterial pressure lowered, suggests that a factor determining the 
intensity of headache is the diameter of the intracranial artenes, for the pam 
is lessened by a rise of pressure outside these vessels* or by a fall within them 
For this reason we suggest, as a tentative hypothesis, that the pam arises 
from a stretching of some sensitive structure lying either m the arterial wall 
or m the surrounding perivascular tissues On the view, previously 
expressed, that the headache originates from the dura mater, the vessel's 
concerned would be the meningeal arteries , it has already been seen that 
the tissue around these vessels seems to be sensitive to direct stimulation 
As it is unlikely that shaking the head can strain the vessel walls themselves, 
it seems not improbable that the headache actually originates from the 
perivascular tissues The question remains as to how histamine may set 
up a state of tension in these perivascular structures 

As one possibility, it may be suggested that when headache is present 
tne artenes are normal m size, and that tension is due to cedema of the 
perivascular tissues , such cederf£\ might be conceived to Tesult from the 
increased vascular permeability that histamine is known to produce (18) 
and clearly might persist when the vasodilatator effects of histamine had 
subsided A second possibility is that tension is set up by a widening of the 
menmgeaL artenes due to the action of histamine on their walls This view. 


artenes wh^nS^fni? '2 °5 served “ *“der amvtal anesthesia a wrienmg of the pia 
attributed to W,^ d pressur ? ^5* 8“*% raised (40—110 cm of water), an elect 

IS ovid^t comparable with those here employed i 

cut umn zneir tigs 2 and 8 that the pial artenes narrowed slightly 
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however, could onl\ be rc conciled with (ho pcrsistoiec of hoadnclio after 
llu* evident \ nvoular clmn^s have subsided, In assuming that (he dilator 
action of histamine on the* intracranial aitenes outlasts its action on the 
uuuuto v osm'Ju * During tin* tirst stagi in the* response to histamine, 
expulsion of tlu* intracranial artoru . would he lundorod l>\ the rise of pressure 
outside these \(*.s(1h and the fall within them As the minute vessels 
nni rowed, and tlu* mtcruil pre-mire io-c, so the arteries would he free to 
e*\puul and their expansion would Inst so lom? ns histamine relaxed 
tin m 

To re capitulate our olw*r\ntions would 1« eomplotch explained 
if In ailu* In wire dm to stir It hum of » Miwitivc* structure hum 
elosi to the me tungi d *irti rn s , such stretching might rc-ult from 
swelling of the pimaseiilar tis-mi*, or from widening of the meningeal 
arte ru - 

Since tlu ntc c hauwni of he id iclu* is a suhji ct still relative lx unexplored, 
two nlte neitive explanations and the leasoiis for their rejection will be 
lottstdiri d 

'l*o ac i ount for the delavid onset of he lilac he we suggested in a pre- 
luninarv lommuim itum (Jl) that an expulsion of the brain imeht 
redistribute e t re hrospmul tluid in a muirni not iinmcdiatch reversible 
on tin subside nee of vasodilatation and that this change might set up a 
state e*f tension in tlu vascular memnuis, and so produce heulache This 
explanation we now (mil to he untenable since it is mcompitihlc with our 
lnori rmnt observations that the injection of 0 l mg histnmine and the 
inhalation of 0 .1 < e nmvl nitrite mix, m the sum* suhjeit, and on the sunc 
chi}, produce an idtntieal expulsion of the hram as judged In the rise m 
lumbar pressure, while onh histamine is followed In heaelathe 0 .1 c c 
mini nitrite mnv also lower blood pressure as greath as does 0 1 mg 
lustaniine , vet, although it is said sometimes to produce headache, it has 
failed to do so in all of (» subjects, e xanuned In us. who were susceptible to 
histamine Win histamine should he more potent than mini nitrite m 
piochuing headache* is iinee*rtnin It is Known, Jiowever, that histamine 
increases the perniealuhtv of the minute vessels (17), which mml nitrite 
has not been shown to do An mere we m vascular permealuhtv might be a 
faetoi m pioducing headache if the pain were due to the mechanism first 
suggested or to the* following 

A second possibihtv is that the headache may result from ventricular 
distension with mcqimhtv of the cerebrospinal fluid pressures within and 
without the ventricles, such a condition might lesult fiom an increased 
formation of eeiebiospmal fluid due to the action of histamine on vessels 


* nils li\ potliesis lint not boon tested in man. for this implies direct oteer\ntion of tho 
inlracramal nrtirios with (ho tnunal ca\if\ Tho olwor\nhons of Forbes AA olfY ana 

Cobb (10) nro no! ilincth ri lev nut, mhoo tliov lure made on nnicatheti-ed cats and tho ic-sels 
observed vioro unnllor than those wo linvo in mind 
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of the choroid plexus * This hypothesis was suggested in a reply to our 
preliminary communication by O’Malley (19) who considered the rise of 
cerebrospinal fluid pressure to signify an increased secretion, an interpretation 
which cannot be accepted, since the rise can be accounted for by the cerebral 
vasodilatation that is known to occur It is possible, however, that increased 


secretion, leading to ventricular distension, might occur without being 
evident from the curve of cerebrospinal fluid pressure For an increased 
formation of fluid within the ventricles might be balanced by an increased 
absorption from the subarachnoid space, favoured by the nse m cerebrospinal 
fluid pressure due to vasodilatation The hypothesis that the pain results 
from ventricular distension is not incompatible with the relationship between 
the development of headache and the changes m cerebrospinal fluid and 
arterial pressures following the injection of histamine For the rate of 
formation of fluid depends not only on the permeability of the capillaries, 
but also on the pressure difference inside and outside these vessels The 
formation of fluid would thus be inhibited by raised intracranial and lowered 
arterial pressure, and would occur at an increased rate only as these returned 
to normal Again, a simple nse of subarachnoid cerebrospinal fluid pressure 
might abolish the pressure difference within and without the ventncles and 


so relieve headache The establishment of a difference m pressure within 
and without the ventncles would have to depend on obstruction to the 
outflow of fluid into the subarachnoid space This is usually considered 
to be possible m the Aqueduct of Sylvius, but it is still uncertain if this canal 
is ever sufficiently narrow in the normal living brain appreciably to hinder 
movements of fluid A senous objection to the hypothesis of ventricular 
distension is that it fails to explain why the intensity of the pam can he 
modified by simple alterations in the arterial blood pressure Moreover 
pam arising from ventricular distension would result, presumably, from 
stretching of the velum mterpositum of the third ventricle, a structure which, 
according to Stohr (21), is innervated by cranial nerves other than the fifth 
Gushing s (4) recent comparison of intramuscular and mtraventncular 
injections of histamine is not directly relevant, headache being only briefly 
mentioned , and though it would seem that mtraventncular injection is 
producm S headache, this is explicable by any theory that 
attributes headache to the action of histamine on an intracranial structure 

The observations here described have shown that one variety of headache 
has well defined characteristics and have suggested an explanation of its 

would be heightened if the relationship were 
tooum between the headaches occurring naturally in disease and that pro- 
duced by histamine This is a pr oblem for future investigation and cannot 

on increased fa* Wanu ? e Placed a sacking back followed by 

being attributed to asphvs^ “ la / , in th f clsteroa msgna, the later effect 

(24) and by Becht (lfari tfaeirSta b T adve ^ elv ^cised bv Weed and Cushing 
are not applicable to ananithetS^i^^^' ^ dogS Under llretilime 611(1 morphia anesthesia 
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he dealt with fullv hero We have noticed, however, tlmt several workers 
in tins Inhnrutoi v me subject to mild headiuhes of the tvpc common m normal 
ptople, nnd of unnseei tinned cause These headaches are usually frontal, 
mt\ he tluobbmg are aggravated hv shaking the head, relieved b’v jugular 
(omjinssion nnd tempoinnlv abnhshrd hv tlic injection of histamine In 
hrti f then nu chnnism would sn in to hi identical with that of the histamine 
htidithc The post liimhtr pumture lietdadic is tvpicall> a throbbing 
fiontnl at hi ngginvnted bv sinking tin Ik ul, and bv jugular compression 
This tvpe thus diffeis from the Just umne Iieadnche onlv m the customary 
leluf of the lattu bv jugular t oniprt -moti This apparent ditTcrcncc is 
u< 1 11,1 II v a point of resemblance foi t lit* post lumbar puncture headache 
is s ud to lit assot mted with a low cerebrospinal Hind pressure (12), and the 
histamine luidithe is aggravattd bv jugulir compression after the vvith- 
dt twal <if ttnbrospmal fluid It n»n\ bt suggested, therefore, that the 
distui b met prodming the post Ittmbir punt t lire headache is similar to that 
(voktd bv lust imuie but tins again needs further investigation 

Coser t sions 

1 Hi id it hi is eisi|\ produced in normal subjects bv injecting 
n 1 mg histamine at id phosphate ititravt ntnislj This lie ulache lias certain 
wt 11 th fined t liar it ti rislit s 

2 Tin Jieuladit is shown to mise from an intracranial structure, 
prohihlv mi niiigtal, and iniurvated bv the trigeminal nerve Anatomical 
evidence suggests that this is the duin matei 

,t Histamine products a use of eerebiospinnl fluid prcs>ure, eluc to 
ceitbial vasoddat it ion, and a fall of blood pressuu* , Iieadnche develops ns 
tin si pits, nu tlmnges sutisitU This relationship suggests that headache 
is due to a nut Imnic d distui b nice resulting from and residual to, the action 
of histamine on the vessels 

t Because headache is leheved hv raising the cerebrospinal fluid 
pjessuie or bv qmckh loweiing the art w ml blood picssure, it is suggested, 
as a tentatn e In pothesis, that the pam mnv he due to stretching of a sensitive 
st i nc t in e Ivmg cltise to f lie* meningeal aiferics Such stretching might 
tonccivnbh mise fiom swelling of the penvnscular tissues, oi fiom widening 
tif the ai tones 
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It is natural that attention should have been attracted repeatedly to so 
important a syndrome as that of angina pectons Whilst there are many 
accounts of subjective sensations, few records have been made of changes 
taking place in the cardiovascular system during attacks Yet objective 
studies are most desirable, if v e are to increase our knowledge of the condition 
The attacks, to which interest has largely been directed m the past are severe 
and prolonged, and take place, as a rule, in circumstances which render 
precise and instrumental observation difficult Lewis (17) has recently 
defined a particular type of anginal syndrome, and has reported a series of 
cases m which, during attacks, pulse and blood pressure readings were 
obtained This type occurs usually, but not exclusively, m cases of free 
aortic regurgitation , and the attacks of pam, which are not constantly 
related to any single causative factor, are associated with high pulse rate 
and blood pressure Another syndrome, that which anses when one of the 
larger coronary vessels is sudden]}' occluded, has been recognised, and this 
has explained many obscure cases in the older descriptions of angina pectons 
It is, however, for less severe pam, ansing behind the sternum after 
exercise, that the majonty of angina patients first seek medical advice 
It was to this “ disorder of the breast ” that Heberden (12) first gave the 
name “ angina pectons, ’ because it produced a “ sensation of strangling ” 
in some patients “ Those who are afflicted,” he wntes, “ are seized whilst 
they are walking with a painful and most disagreeable sensation m the 
bieast , the moment they stand stili, all this uneasiness vamshes ” In 
the short and remarkably accurate account which follows, he descnbes this 
type of angina pectons, the angina of effort In those who suffer m this 
way, attacks can be induced at will, and the relationship of the pam to changes 
m the cardiovascular system can be deter min ed We have chosen this 
type of angina for study, and limit the term m this paper to those cases in 
which pam of anginal type is produced by physical exeicise, and by no other 
means We can find only two accounts of angina of effort based on personal 


* MorK undertaken on behalf of the Medical Research Council 
t Fellow in Medicine National Research Council, TJ S-A 
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oWnntion of the nttaeks (Bisehoff (3), Wood and W olfcrlh (31)), and 
iJirsi' do nol contain adequate mfoimation about the relationship of the 
pulse and blood piessuro to the onset of pain Bisehoff (.1) describes some 
of the features of induced at talks, but lit gives no details of Ins patients, 
ami makes emly gemrnl statements about the alterations in blood pressure 
Uoml and W olft rth ('ll) examined a number of eases to see if they could 
dctftt oh ( tro( .mhographtt (linnets during nttneks of angina, and 
iiuiih ninth leeorded variations m blond pressure Some of tlicsc attacks 
Mtr< induced by i venw , and tlie Instore nmi short duration of the pain 
Miggi it that Mai r.il of tin mss mri of similar type to those in the senes 
vvearenhnut toih uribe Observe rs have natural!} been averse to provoking 
attacks of angina deliberately, ft irtng to establish severe seizures But m 
d« 'ihttg with angina of t (Tort and n tting a pntii tit to do e xcrcise, he is asked 
to do no mor« , while* umhr elo-,» control than lie m in tlie habit of doing 
*-<\tr.d turns a duv, without sitpt rv i-ion, whin he walks until pain arises 
To institute out h tests is <|t trh justified b\ the considerable information 
it gives about t till pit lent 

W In nwt t tun to t \aiimu a nurnbt r of east s of angina of effort, it was 
found that, in srural, t h« amount of excreisc rtf|iurcd to produce pain in 
any one lmlmdml umhr standard conditions was surprising^ constant 
Advant igt was taken of this fact to varv c \p« runentallv the circumstances 
m winch tlie pun was induced, noting tin effects of such \nrmtion upon the 
p mi and its duration 

Method 

We ha\e math our observations over a period of a \car on eleven 
pitunts, in whom effort, and effort alone, induced attacks of anginal pam 
It was thought more iidvis tbit* to investigate exhaustively a small number of 
ctreftilly selieted eases, eliminating thane c crrois bv repeating all observn- 
tions, than to stutlv a laigei gioup of pitunts which might have included 
cases of iiiiusiiai t v pe, or giv e n re suits differing m detail from those obtained 

Our subjects were* all males, and then ages ranged from 47 to GS years 
Three gave a histoiv suggestive of pievious coronal v tluombosis, and m one 
of these the fact was confirmed after dentil Two vvcie cases of aortic 
it gurgitation, one of syphilitic, and one of doubtful oliologv but probably 
due to annular Mlcrosis Tlie remaining si\ had svmptoms of slow onset, 
arid showed in addition to anginal pam on exciiion, evidence in greater or 
less degree of myocardial impairment A summary of the main clinical 
fcatuu's of tlie cases is given in the appendix, at the end of tlie paper 

Observations wt*ic made ns a lido on each case at a fixed timo of day’ 
The patient was requested to take Jus meal two to three horns before arriving 
at hospital, to travel by foot as little as possible, and to take no medicine 
on that elay He was allowed to lest m n chan m a comfortably warm loom 
for at least a epiailci of an hour or longci, until t lie pulse and blood piessuro 
had l cached a steady’ level Ifc was then asked to walk up two steps to a 
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platform, down tiro steps on the other side, to turn round and come hack 
again The height of the lower step was 9 inches and of the upper 6 inches 
This exercise was repeated at a steady rate until the patient said that pain 
was present, when he was asked to sit down, and the number of times he 
had climbed to the platform was recorded as the “ number of efforts ” 
Pulse and respiratory rates and blood pressure readings were then resumed, 
and taken as frequently as possible until steady levels were again recorded, 
and the time at which the pain passed off was noted After fifteen minutes 
rest the test was repeated In all the patients here used, an almost similar 
number of efforts gave nse to pam m two successive tests Thus m Case 6, 
for example, 48 efforts were required to produce pam m the first test, and 
88 when it was repeated 15 minutes later In a further two repetitions, 
after similar intervals of rest, pam arose after 48 and 50 efforts respectively 
The duration of the pam in these four consecutive tests was 1 mm 37 sec , 
1 mm 30 sec , 1 nun 30 sec , and 1 mm 35 sec , respectively In this way 
we obtained control observations which enabled us to detect the effects of 
varying the conditions under which the tests were made As a rule, two 
control observations in good agreement were considered sufficient, but 
sometimes three were made, and m special circumstances one only was 
earned out Each patient was allowed to choose his own rate of walking 
over the steps on any one occasion, but was kept to this rate, once it was 
chosen and found suitable , the slowest rate was 9, and the most rapid 13, 
efforts a minute 


All our cases w ere males of the hospital class, and there was no reason 
to suppose that suggestion tended to keep this onset of the pam constant 
As a precaution, each patient was given from time to time, pnor to one of 
the control tests, a drink of water or normal saline with the suggestion, actual 
ot implied, that it would improve his performance or dimmish the pam 
Cases responding to these suggestions were excluded from the senes 

The number of efforts performed m the control tests vaned on different 
days m the same case, and such vanations were used to measure the patient’s 
progress Apart from this, our conclusions are based on tests each completed 
and controlled at the same examination The type of exercise chosen is 
particularly suitable, because the patient is always accustomed to it It 
permits little or no information to be obtained about the pulse and respiratory 
rates and the blood pressure during the penod of exercise Four of the cases 
were submitted to exercise on the bicycle ergometer to obtain this and other 
information to be recorded , otherwise, the results obtained by this unusual 
cxemse and by the standard method pointed tothesame general conclusions 


-Reactions lo exercise 


of n JInn' aT ri ot,s ® r 7 ed > and llaTe records of, over four hundred attacks 

ZST* Tf by eS ° rt Tho ^ the ^unt of exercise required to 

had so e m P a^t ? d C f 0nSld f rabIy m drffae “ t cases > the a ttacks themselves 
had so many points of similarity that general statements can be made 
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Thr pnni Put unis described the pnm while if wns actually present, 
m 1 )iis luii, a much more at < urate account is obtained tlmn from attempts 
(o remember the M'lmnlmn of past attacks The pain was near]} alwajs 
r( trnsteriml One pit tent (t’nse 11) said flint it tisunlh started m the left 
‘•houhhr hlach , and thin |>iwd round to the front of the chest Its onset 
nas hi milled in s< \c r d i ves hi preiiiomtari feelings of tightness m the chest 
and lagiti n trostc uni disf omfort, hut euri pitunt del eloped characteristic 
pnmeisdj nh ntifu d mth that for n huh lit lias socking mrdital aduce The 
pun has a curious fpciltt^ ulueh pitunts find difficult to describe, 
•• burning ” and " gripping ” an ndjictncs coininonli u-eil In all the 
cases it li as stated to hi continuous ntid neicr throbbing Its duration in 
most patii nts uas stiflim ntlj constant in control oIm nations to enable the 
infiuemi of iarn>us fac tors to hi studied In different indinduaN its aieragc 
duration \an*d from t'» seconds to two and a half minutes In general, 
pitunts iu ri not allow i d to c ontinm cvrcisi onc< pun had conic , other- 
wise, tin pun hi c mu worse and In gun to spread around the chest Wc 
came to the eomlusion that tin more siitre and lasting attachs which 
scural pitunts eh-enlnd as Imung bun ixpinuuid wire brought about 
in this w.n 

hAUpt in certain special oh-mat tons under conditions tending to 
intc nsifi the pun it wascasdi be irablc and none of the subjects objected 
to r« p< iting tin tests In no instance was it niiomjnimd hi anxiety, 
s dilation and facial pdlor did not oeeur. flushing of the face and sweating 
we re note d in s, k ml < isi s, but wire no greater than after a slightly smaller 
amount of exercise insulin i< nt toe iuse pun 


Chti tine' i» />»/« and blood prc-Mirr dnrtnij tin altacl W dh the exception 
of Cise 7 none of our pitients had n ri sting sistolii blciod pressure greater 
than I.’iO mm Ifg Ih sting diastolic pressuus utic all hi low 100 mm Hg 
After cxircisi- sufluieiit to produce pun, the sistolic blood procure was 
laisid nboii tin testing leu! ton inning digteo in the diffi rent cises llle 
diastolic blood pussure nltiud to a ninth smaller ixtent, lisualU rising or 
falling about 5 to 10 mm Hg * In Case 1 the rise was ion small, anil in 
si lend olisi nations the blood presume was umdterid (big 1) Jhe extcn 
of the use in nil the othu cases was muili gi cater than m normal young 
adults nftei a similar number of ettoits nt sunilai mtcs In some cases an 
actual use of blood pit vine Mas oWnctl after the end of exercise, as 
described b> Cotton, Knppml and Lewis (.’>) m noimal subjects Cnse 
burned itn uni.siuilh |irol<,ii(!< il n-r of tin- kind, the n«e contimimg for ™™® 
time nfler the pm., find fulled off (K,g 2) In none of the c.ses stnd « 
could n poll. outer tine-hold of Wood puwne he distinguished nt nhich 
jmuii might ho expected Often on the snm e dm, in different control 

• Uni. -i men 'null'll U rn, »l ,'r. -no; ” i 

o,, nt count of tlio nmi.ll « linnet in diastolic. pnsmms Dio moan nml «.%sioiu iochi i 

mou> in Dio unino elirte lion 
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observations, pain appeared at very different blood pressure levels It was 
thought possible that some part of the rise m blood pressure might be due to 
the presence of pam To decide whether this vere true or not, ten of the 
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Fig 1 14 12 31 Case 3 Although pain occurs after exercise, the blood pressure 13 not 

raised In this and subsequent figures — 

S B P = systolic blood pressure in mm of mercury 
D.B P = diastolic blood pressure m mm of mercury 
P.B = pulse rate in beats per minute 

On the left of the vertical rectangle are the resting readings before exercise WT3 begun , 
to the right are the readings after the patient has sat down The number included in the 
vertical rectangle and its height represent the number of efforts The length of the black 
horizontal rectangle gives the duration of pam 



Fig 2 10-2 31 Case C The left chart shows a control test with the rise of blood pressure 

continuing after the pam had gone , the right cliart records the results of a test m which 
the patient stopped a few efforts before pam was anticipated The blood pressure readings 
arc similar, but the pulse rate is lower than m the test m which pam occurred 

cases were tested by asking them to sit down shortly before they bad com- 
pleted the senes of efforts previously found adequate to determine the onset 
of pam, but before it was actually present The blood pressure often rose 
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quite ns much in these < \ pertinents ns in those m which pain was produced 
(Fig 2). and occasional!* it rose higher Tiic rise in blood pressure is due, 
tluiefoH, to t Jit* exercise and not to tlio pain One case (Gisc 4) presented 
a \cr\ unstable blood pressure, winch during nn exciting conversation, 
while the patient was testing and comfortable, would rise above the levels 
found dining the attm ks of pain after ext rcisi A similar result was obtained 
in Case 11 b\ distending the stomach with air Tims we see that there may 
be no rise in blood pri-siuc ut pain mnv come (l^ig 1), and that the blood 
pi< uri oidimrih assmiated with pun mnv be surpassed witlioufc pain 
appealing It will b< shown lnt< r, m our observations on the nitrites, that, 
in in ulv inn om of th< so him \ pain nui\ oum while the blood pressure 
is no highri than its otditmiv resting Itvel 

The vuu that anginal pain results from the dilatation of a diseased 
noifi put forwaid hv \llbntt (1), and adopted bv Wenckebach (20), though 
losing ground, is stdl vvidilv a<eept<d The («se against it has been ably 
stumnunsi d la Ivteftrnnd lb -nuk ( 1 7) if the hv pothers is true, the attacks 
of pun should bi nlatid strath to the hnght of the blood pi osstirc, since 
this alone < m men ise the tension of the aortic walls Lewis (17) found 
that this was not so in tin anginal sjndronu lie described We find that 
similnih it fails to hold in angina of effort 


/bi/sr raU In Case 7 tla rt sting pul** lati was consistently above 
100 , ixirnsi sufiicant to produce pun raisid the rate to l.'O Tlic other 
p it lent s had pulse ratis within noimal limits at rest and after exercise 
sufiicunt to tndia ( pain, the rates lav guur.illv b< tween 110 and 130 and 
usimllv mound 120 I’nliki the blood pressiiie, the pulse rate soon fell with 
rest, rapidh dining tla hist minute, and then more slovvh to reach the 
ristmg hvtl aftei turns varving cousidtiabh m different individuals, but, 
in the majontv of risis, the pun pissed otl when a definite pulse rate had 
been reached, some 10 to 20 points above the resting level This icnnincd 
true iik spec live of the bthuviour of the blood pressure which, as already 
mentioned, often continued at a high level When exercise was stopped 
. U st before the expected onset of pun, it was unusual, and if the blood 
pressme was equnllx lAised, quite exceptional, to find the pulse rate as high 
ns m a test m wJmli pam was induced It is, of course, possible that pain 
nun itself be responsible in pait foi this additional ineicase m pulse late, but 
the equal lapuhtv with which the pulse rate fell, whet hot pam was picscnt 
or not, suggests that this is not the ense 

These pulse and blood prcssuie observations, with their relationship 
to the appeaiance and disappearance of the pam, must guide us in dcteimming 
what w happening in the limit Wo haw shorn. that ho n toratioiB^ 
blood pioesuie mo, m llieinsolics, inadequate to explain the 01,s0 " n '*' 
apnea, anco of pam, and that, on the othc. hand, a much closer rolat.onstop 
E P rto ..so and fall of llio pulse ,ato omsIs -lcco.di.ig to the rooen n »°* 
of Hein (21) and Hoclnem (11), tlio coionaty flou in the noimal heart i 
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nicely adapted to the work which it is called upon to perform As pointed 
out by Lems (18), it is tlie internal work or energy expenditure of the 
heart which is relevant to the problem, rather than its external work as 
indicated by the output and blood pressure An increase m the rate of the 
heart will increase this expenditure, since the pressure m the ventricle must 
be raised at each beat from intraventricular diastolic to diastolic artenal 
pressure before any external work is done Using the heart-lung preparation, 
Starling and Yisscher (25) showed that the heart uses less oxygen to do a 
given amount of work when the rate is slow than when it is rapid Increasing 
the heart rate thus decreases its efficiency In attacks of paroxysmal 
tachycardia, and m paroxysmal fibrillation and flutter, it is well recogmsed 
that angina pectoris may occur (Mackenzie (19), White and Camp (JO)) 
Here the mean blood pressure and the output of the heart are both reduced, 
and hence its external work is diminished Its energy expenditure, on the 
other hand, is greatly increased, and although the coronary flow is not 
affected, as ]udged by the effect of similar heart rates in ammal experiments, 
the discrepancy between the two may be so great as to give nse to anginal 
pam The attacks of angina which sometimes occur m hyperthyroidism 
(Lev and Hamburger (16)) are, no doubt, due m part to the tachycardia 
which is usual in this condition 


When esercise is taken, the rise m blood pressure and m heart rate 
increase the energy expenditure of the heart, but the change m the heart 
rate is the more important of the two In the heart with diseased coronary 
vessels, the normal adaptation of increased coronary flow to increased 
energy expenditure fails, and a relative myocardial lschamna results The 
mechanism by which this gives rise to pam has already been discussed by 
Lewis (18), and our results are wholly m agreement with his views 

Dyspnoea Three of our patients (Cases 3, 8 and 9) showed no greater 
increase m respiratory rate and depth than was produced by the same 
amount of exercise in a normal subject Even when pam was present, these 
patients had no respiratory embarrassment They also showed consistently 
loner pulse rates after exercise than did the others These others became 
more breathless than normal individuals after a similar amount of exercise 
and were always definitely breathless after exercise sufficient to produce pam' 
u Hen the exercise was stopped just before the onset of pam, however, they 
showed respiratory rates equally high It appears, therefore, that there is 
no direct association between pam and dyspnoea m this type of angina 
pectons It is possible that those individuals who have no respiratory 
‘vf®? , , en P am anses Possess a relatively intact myocardium, and that, as 
uggested by Cowan (6), the pam arises from a small area to which the blood 
upp y is inadequate for the work which it is called upon to perform We 

p ^ e , n0 howe J er > at the present, m possession of evidence which would serve 
either to confirm or to refute this suggestion 

m A few cases exhibited occasional extrasystoles at rest, 

m four (Cases 3, 6, 8 and 11 ) th ey we re present srhen the pnlse rate ™ 
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appro irhmg i Is normal loxel nftet exorcise, and often before the pain had 
P nwfl (,nr fioltllmmiiKr mid Split rf (II) who recorded ventricular extra- 
s ' sj oles t loft rot ni elmgrnphte nl!\ during attack* of angina, regard them ns 
v\ id( m e of iiuiH arelint damage from a relative ischemia .Just before, or 
ju-l after the pun pis-eel off four eases ((Vos .1, 1, 0 and 7) exhibited 
alternation of tin ptils< , as judgeel h\ a elifiercncc m systolic pressure of 
10 mm or im.ii he tint n nltt rnntc bents It is noteworthy that two of the 
thm p it it nts who died during the vonr of observation showed this 
phenomenon 

Thr tjffr! of fuilhrr e serene i mined tat el if offer on atfarl Details of an 
interesting ease of angina of effort are given in a letter to Tiehcrdcn (13) 
fiom an unknown pdi# nt who found that if he eontinued to walk during an 
ntt u k, tin pun griehnllv pe-e d off m from "> to 10 minutes Wc have not 
1 1 1 im t a pita nt with a similar htste.rv suit ible for observation, and all our 
i ists dit lured that the pun hetatm more severe and tended to spread, 
if tin i (ontiumil th« ir i m r< is( Oh-# nations on a feu patients confirmed 
this state im nt .VveraJ, howtver said tint if t)ie\ started to walk agatn 
as *oon as tin pun find dis tppi nr< d, thi i wire aide to travel n distance 
almost as gnat, or gn di r, than that which had originally given rise to an 
att'iek 1 tu smh p it amts uirt studied to determine the effect of further 
exercise imnudiatih after the dis ippe .trance of pam When thev were 
(ompdled to maintain the standard rate two performed a quarter, one a 
half, one thne quarters nml om t lie whole number of efforts which had 
given rise to pun in the hr-t test Thev showed, however, a tendenej to 
a diminish! il rate m the second senes of efforts, and, if this was allowed, 
more e \ereise was pei formed The ir impression was no doubt, elue to such 
an uneonsuenis slackening of pice 'fins obseivation emphasised the 
importune e e»f e hee king sue h stnteme nts l»\ objective tests whenever possible 
In these* eibsei vations at the time when the hrst nttne*k of pun passed off, 
the blooel pressure was always eem-ulerubh laiseel, wheieas the pulse had 
fallen to ahout 10 or 20 points uliene* its resting level When the second 
attack began, the* blooel pressure* was often higlu*r than in the first, but tho 
pube was alwavs at the* same lived These faets serve to confirm our view 
that (lie* heart late* is tin* e*)ue f factor m elctei mining the onset of the attack 
To test further the* idea that the into of tho lieirt is the important factor 
m determining tho onset and disappearance of pam, vve cxannneel the effect 
of atropine, anil of pressure on the carotid sinus, on several of our cases 


The rffccl of atropine on the cicicisc and on the pain 
Fom of the loss Revci e cases were chosen for tins pm pose (Cases 0, 
8, 10 nnel 11) After two control tests in each, an mtiavcnous injection of 
1 3 mg {1/80 giain) atropine sulphate was given, anil five to ten minutes 
later, its effect being nt its height, exeieise was again undertaken by the 
patient until jinm stalled After a further 18 minutes rest, and with a full 
ntiopmo effect on tho late of the henit still jnesent, a second observation was 
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made In one of the patients, m whom such comparisons were made 
(Case S), the number of efforts was halved, and the pain lasted ten times 
as long as m the control observations Tins occurred m spite of a reduced 
level of blood pressure (Fig 3) The three other cases gave similar and quite 



Fig 3 6 6 32 Case 8 The chart on the left shorra a control teat, that on the right tho effect of 

exercise after 1 3 mg (A gram) of atropine sulphate had been gnen intra\ enousH Tho 

number of efforts is diminished, and the dotation of the pain grenth increased The general 
level of the blood pressure is lower and of the pulse rate much higher than in the control test 


definite, though less pronounced results of the same type This action of 
atropine is important for several reasons In animals it gives a decided 
increase m the bloodflon through normal coronary vessels According to 
Rein (21), it does so by releasing the tome action of the vagus, which, as 
Anrep and Segall (2) first showed, is the vasoconstrictor nerve to these 
vessels To explain our results, it might be suggested that atropine is unable 
to dilate the diseased coronary system m man , but the four cases m which 
atropine had an adverse effect, showed a definite increase in exercise tolerance 
after nitroglycerine, thus showing that the coronary vessels were capable 
of dilating, at least to direct chemical influences If it were merely failure 
to improve after atropine, it might be suggested that this drug acts, in the 
normal animal, only upon the larger branches of the coronary arteries, which 
m our cases were so diseased that they could not be affected, whilst the 
nitntes act on smaller vessels still capable of some response But we have, 
in fact, to explain the diminution m the number of efforts and the increase 
in the duration of the pam under atropine, and can attribute this only to the 
more rapid action of the heart, which increases its energy expenditure without 
a concomitant increase m the coronary flow 

These observations also throw light on the theory, still widely held, 
that angina pectons is due to a spasm of healthy or diseased coronary vessels 




lhi*oni\ quite prohnbh he true of spontaneous attacks It is an unnecessary 
assumption in the cise of angina of c [Tort and the constant of the amount 
of < \er< iso mussin to produce pun in am one patient renders it 
tmprnli ihje Jt is made e\en more unlikch since atropine hastens the 
onset of pun In this < ounce turn some observations l>-\ PcIIcr (20) are of 
interest During ntt.uks of spoilt t neons angina with considerable rise of 
the pulse rate snheut menus injections of 1 o mg (1/1.4 gram) of atropine 
u< re found to cause tin pun to dis ippenr At the same tune the pulse rate 
was e onsiele rabh lowered, as would he expected after a dose of atropine, 
wlrnli, when gi\ en Mthc ut mi otislv , often increases vagal tone The 
diminution m tin emrgv expenditure of the heart, brought about In this 
reduction in its rate well explains the* relief of pam anel makes Poller’s 
assumption of a dilatation of the eoroinrx vessels unneccssarv 

Allbutt (1) gave atropine svstem itn allv to all anginal cases m 
men isingdosts in order to proteet tin heart against “inhihitive shock” 
This pint e dun is much is ihh until we are surer of the tv pc of case m which 
.i butt filial effect e m be untie ip tied 


Tin ( ff< rt of coroh'l '•nut' prepare on the pmn 

Pi rm pressure over the* c irotid sheath in the neck at the level of the 
Infurc it um «»f tin common < trotiel stimulates the carotiel sinus, slowing 
the heirt rate and proilue mg a fall m blood pressure Stclh (2b) has shown, 
Using the be irt-lung prepirution tint, in the elog, an inercise m the i>rcssurc 
in the* carotid sums e nises a diminished coronnrv flow Tins is n vagal 
t fleet and occurs even if tin lu irt rate is nrtihciallv maintained, so that 
there is no diminution m the minute veil lime of the heart, or m the blood 
pressure Constriction of the corotnrv vessels, excited l>v a similar reflex: 
in man would te ml to mere iso the duration of anginal pun On the other 
hand the rapid fall in the heart rate and blood pressure, In diminishing the 
cneigv expenditure of the heut, should tend to exercise the opposite effect 
In comhm it ion, these opposing effects might conecixablv neutralise one 
another, but more piobiblv one would preilommate The experiment is, 
in fact the converse of that in which the administration of atropine was 
studied, and the same consociations npplv 

Nine patients were investigated Control tests alternated with those 
in which firm prossute was exerted on the right sinus, ns soon ns the patient 
sat down with pam pic*scnt In some of the formci, to eliminate effects 
which might have aiisen from suggestion, piessurc was made on the nape 
of the neck The duration of the pain was dccuased m all these patients bv 
prcssuic on the cniotid sinus All showed a moie lapid fall of blood pressure 
and pulse rale than m the control tests In most patients, tins lowering 
uns more noticeable m the pulse rate , m some, the blood pressure was 
considciablv, and m others only slightly, reduced A tvpical chart is given 
as an example of tho effect obtained (Fig 4) 
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The effect of carotid sinus pressure on anginal pain has been recorded 
by two observers Damelopolu (7) has reported a case of spontaneous 
angma, with raised pulse and blood pressure m the attack, in which pressure 
on the sinus relieved the pain Wassermann (2S) describes six cases in 
which attacks were relieved by carotid sinus pressure The majority of 
these attacks were spontaneous, but five attacks induced by exercise are 
described, with blood pressure readings and pulse rates His observations 
differ from ours, since the cases were not examples of pure effort angina in 
the sense m winch we have defined it, and the length of tame the pam would 



Fig 4 20 0 32 Casa 4. The chart on the left Bhows a control test, and that on the right, 

the effect of pressure on the carotid sinus as long as pam was present The pam stops 
shortly after the pulse rate has fallen abruptly to its resting lo\el The blood pressure 
also falls, but rises again when the pressure is released 


have lasted without interference was not ascertained by suitable control 
ests The suggestions offered by these writers to explam this effect on 
e basis of special reflexes seem less bkely to be true than onr new, that 
relief is due to a diminished energy expenditure of the heart, caused primarily 
by a diminished heart rate, with or without a diminished blood pressure 
ius diminution m the energy expended more than outweighs any effect 

iv ich pressure on the sinus may have m constricting the diseased vessels in 
man 

Evidence confirming our news has been obtained, and several fresh 

S of mteresfc have been raised by studying the action of mtntes on the 
relationship of exercise and pam 
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The arhoii nj mhilcs on the ousel and duration of pain 


Although the r<lief of pain in angina by nitrites is universally 
m knowledge el, and flu Know ledge widely applied, few precise records o! 
their < fleet on the pulse and blood pressure arc n\ tillable In the ease of 
spoilt am mis nttae Us I,< wis (17) has colic eted a scries of obscreations, adding 
and disius-uig s t \c lal of Ins own Tin -o, hnwcur, are not dirceth relevant 
to angina of effort Hurgess (t) examined the c (Ted of the rapidly acting 
nitidis cm the pun in n stues of tight cases, s\ul to be of “ ambulatory ” 
type. It is not stated that the utt uks wire induced by exercise, and the 
hguus suggest that thc\ were not 

In oui sc u»s, we him imestigated the tffeets of nitroghccnnc and 
cryllirol U tr.iuttrat( on the amount of txtrcise necessary to produce pam, 
and of the '< drugs and of amyl nitrite on the duration of the pam The 
results of all the tests m irl\ a hundred m mimher, were compared with 
e onttol tt stu pc rformttl on the same di\, and complete pulse and blood 
pri sstiri re adings are ai<ul<tbh fnt comptrison rhe results will first bo 
recorded, and tlutr signdu uue subsequently discussed In one case only 
((Vo l), was a response exhibited clitic ring sufficiently from the others to 
nrpure M*p irate t onsich ration 


in ul mirth In all but out t tse out of 11, inhalation of amcl nitrite, 
w it bin a few seconds of pun arising, n dined the duration of the pam 
Uos( s of 0 lx to » .to « e (.{ to .7 minims), such as we useel. ga\e rise, when 
giMii lituni diate t\ after exercise, to a tonsiehrahle fall in hlooel pressure, 
and to a rise* in pube rate of \anihh extent There was how ewer, no 
constant re hitionsfiip bet wee n the' time ami extent of the fall in blood pressure 
and the disnpi»earamc of the pun, although the pain usuilly passed off m a 
half to one minute , or about the time of the maximum fall in blood pressure 
Afti r i xn< ise, tin fall in pre ssiiri when annl nitrite was guen was followed 
b\ an equally inpid use, and sometimes the blood pressure bad regained a 
high lew el before the pun pissed otT (big “* shows this efTcet) Again, m 
other eases, aftei the pun had disappeared, the blood picture rose to a 
bighei Uwtl than was found m tontiol ohsenations with pain present 
Our results, which will ho discussed later, suggest that the relief of pam after 
mini mtnte is due, not to the fall m blood prcssuic which this ding produces 
but to a dilatation of the M'ssols In this respect, its etTect in nngmn of 
elloit is similar to that m spontaneous attacks The extent and duintion 
of the use in pulse into ])ioduecd by amyl mtuto arc a cry 'amble, 

and no general statement can be made 

The oidmnry clmation of pain is bnef, and the slioitcmng of the nttaev 
by amyl mtnte, though definite, is inconsiderable In only one case was 
the beneficial effect greater than that of carotid sinus pressure Several 
patients said that they picfcrrcd to allow attacks to pass off nnhiraffy, 
inthcl tlmu endure the unpleasant effects of tho drug Them s ™' 
sumption of freely supplied capsules eonflrmod this stntomont 
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long-lastmg spontaneous attacks, and especially m the type of case described 
by Lewis (17), that amyl nitrite gives the spectacular relief upon which its 
reputation rests 

Nitroglycerine This drug was administered m each of the eleven 
cases After satisfactory control tests had been obtained, a dose of 0 65 
to 2 2 mg (1/100 to 1/33 gram) was given, and when it was fully acting on 
the peripheral vessels, as judged by rise in pulse rate and fall m blood pressure, 
a further test was undertaken The effect on the number of effoits and on 
the duration of pain was recorded, and after the usual rest of fifteen minutes 
the test was repeated, with or without a further dose of the drug As there 
is a delay of two to three minutes before the drug begins to act when given 
by mouth, and as the pam m most of our cases lasts less time than this, it 



Fig 6 15 4 32 Case 2 The chart on the left shows a control tc 3 t, and that on the right, 
the effect of inhaling amyl nitrite immediately after exercise The pam lasts a shorter 
time, and it passes off whilst the blood pressure is still rising 


is impossible to ascertain its effect on the duration of the pam by^ giving it 
after the attack has begun In our earlier experiments we used the chocolate 
tablets of nitroglycerine (tab tnmtnm B P 1914) It was found, however, 
a if they are allowed to stand exposed to the air, even for a period so 
short as a fortnight, they lose some of their potency Burgess (4) notes 
that tablets become quite inert m time, a fact which is not yet generally 
appreciated In all our later observations we, therefore, used the liquor 
truutrmi freshly diluted with water 

Case , 1 18 < *f alt Wlth separately Of the remaining ten patients, eight 
performed a definitely greater amount of work after nitroglycerine The 
mcrease m the number of efforts varied considerably m the different cases 

sfopnL from T 56 rend r ered lt; “^sible to produce pam, the patient 

exercise 8 In or „^ ati e ue after a greatly increased amount of 

HZIZ f l ° thers ’ * 30 t0 150 P er cent mcrease in the amount of 

exercise tolerated was produced by a dose of 1 3 mg (1/50 gram) In two 
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patients (Cities 2 and 3). in repeated observations and with heavy* dosage, 
nit i ogive ( nne wax completely without effect on flic number of efforts, 
whilst showing an unmistakable notion on the pulse and blood pressure 

In general, the t.ises ninth showed the most improvement, after 
nitroglycerine were the less son ere, as judged In the amounts of exercise 
net i ssan to produce pim I'oui showed a definite diminution m the 
duration of the pun, but this was less than with ntnyl nitrite, and could not 
be th irlv demonstrated m those cases m which the pnm lasted a short time 
in the control ttsts In the two cases, m which nitroglycerine failed to 
afTit I the amount of t mtcisc necessary to produce pam, the duration of the 
pun was also unnffi etc d 

Tests were made on two ease*, (Cases h and S) to determine the 
duration of the btnehtml action of nitroglvccrine on the exercise tolerance 
The effut pissed off m the former, and was much diminished m the 
latttr, 30 and 25 minutes respectively after the administration of 1 3 mg 
(1/50 gram) of the drug 


'J'hc jittl'C rulr anil blood pri '■sure (tflcr mtrorihji critic In cv erv case a 
dose of 1 d mg (1/50 giam) of mtioglvcerinc was followed, m 2 to 4 minutes, 
h\ a definite rise in pulse late The systolic blood pressure fell nt the same 
time, or a little lat<r, by 5 to .«> mm Hg in different cases, and usually by 
1 r. mm Ifg The diastolic blood pressure altered little, but sometimes rose 
n few nulhmetics After exercise sufficient to produce pain the pulse rate 
was usually, hut not ahuns higher than in control tests, both systolic 
and diastolic blood pi c ssiires w ere nearly nlw a\ s low cr In fact, in numerous 

observations p-un aro-e at a svsiohe blood pressure no higher than in the 
Mime pat uni at rest On the other hand, in some instances, if the dose ot 
the drug was reduced or if exercise was not begun until some time niter i 
had been given, an increase in the number of efforts could be obtained, vvi i 
no effect on the bind blood pressure, the significance of tins observation 
will be discussed Intel Fig t> shows a tvpical effect of iiitroglvcermo on 
the excuse tolerated, the pulse into, and the blood picssiirc 

End fool Miamlntlc As we have seen, the effect of nitroghcerme 
passes off quite rapicllv Eiy throl tetramtiate is a diug of the same senes 
i,(h a less pronounced but mote lasting dilator effect It is widely given as a 
piophylactic Against anginal attacks, and its repi.int.om . rests > I tlio 

iillincssioii that it white*. the ficgumcv o! attacks P , 

interest to deter, a. no b, on. teds ahether tins v.ca had a real * 

dose of or, mg (1 grain) was given to nine cases, and to ensure rail 
absoiption, tho tablets were cruslied mid swallowed in a drniight of vva 
The time nt which its action on tho cauliovnsculnr system bccomesevxdc, 
„ ‘d tile eWent of the changes » pulse and Hood P^uro bronght atort, 
are xciy vanahlo from case to ease IVe evumned its effect 
of eserciso i conned to produce pain half an hour, and ot o 
administration, alien some offect on pulao and blood pressaro aas appare 
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Only three (Cases 7, 8 and 11), of the nine cases m which it was tried, were 
able to perform an increased amount of work, and each of these had responded 
especially well to nitroglycerine In one of these (Case 11), the pulse and 
blood pressure were only very slightly affected (Fig 7) Several cases which 



Fig 6 18 12 31 Case 6 The chart on the left shows a control test, and that on the right 

the effect of 1 3 mg gram) nitroglycerine by mouth, given two minutes before exercise 
started The number of efforts is increased, and the duration of the pain diminished The 
blood pressure does not nse above its ordinary resting Ie\el m control tests although pain 
is present 




Fig 7 27 6 32 Case 11 The chart on the left shows a control test, and that on the right the 

effect of giving 6 5 mg (1 gram) of ervtbrol tetramtrate three quarters of an hour before 
the test The number of efforts is increased, but there is no significant effect on blood 
pressure or pulse rate The effect is not due to the long rest between tests since a further test 
fifteen minutes later gave an identical result 
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faded lo respond, lmwc\er, show oil alterations in pulse nnd blood pressure 
nt rest compilable in extent lo tliost after nitroghcciinc, nnd in many the 
Mood pressinc a( the onset of pain was quite as low The duration of the 
pun was unaltered in eim case This drug has, therefore, n limited value 
m treating angina of tflfoit Tt is hkel\ to he of \alue in increasing the 
amount of exeidso uhirli can he (a hen onh m those cases in which this is 
alio.id\ consult rnhlr 

„l disc milt mi id mil rr^poidr*. In the nitritrt The reaction of Case 1 
to all the nitrites differed from that of the others so much that the results 
must bosepu,ite|\ reeeireleel The hist or \ here was suggest nc of coronary 
thrombosis Inning oeiurred about a war before the observations began 
\m\l nit i it < was gm ti four times to this patient, and, on each occasion, 
the durition of tin pun was c e*nsielcrubl\ piolonged As a control, an 
inltal itioti of mi tin 1 saltt \ l*itc , gnen with the suggestion that it was a 


1»* 



S 10l°S2 (W 1 Tlio left rlmrt »l»ow 4 n conlrot test, tluit on the ngh* llio effect of 

l | in j, (\trmn) of nitroKb. er.no, nuiullinfcw minutes Ik fore oxerc.so w begun 

In the. i nvo. though (lie iwmlior of < fTorts uns i.u m«l, tin* !»«■» »«-««» cons.dcml.h longer 
In thin ,mh. nl ll.o pnl-o rate n mnimsl r«.,<xl for n long *<«™ «f‘« exorc.so whilst l.e 
unilir the <ff<<t "f ...troghier.no 


similar drug, had no effect N.troghcormc gace a modoiate increase in 
the amount of oxen no winch could he taken before (lie onset of pain, bu 
the pain itself was again considciabh jnolongcd (six obsci vntions) Tg 
shows this effect Hi \ thiol tetiamtiate had no effect on cxoicisc or pam, 
alt hough d l educed the blood piessme to Itnels suiulai to those found a e 
nit ioglycei me , it had, how ^ er, much less effect on the pulse xate 

Wisriassion on ilic action of the nitrile t> In the fust place, oui lcsul s 
i i n.irr eimfiniintoi v ovidcnco against tho pioduction of anginal 
pio\ ide sti g „ ( bl fioita,” since, m nnmcious instances, when 

al wood picssmc lev* no M* 
E.ho ISS t nitntes . WgUI — T h o 
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effect might be attributed either to reduction of the blood pressure, ^th a 
consequent reduction m the energy expenditure of the heart, 
m tie bloodfloir through the coronary rebels Our obserratons m tie 
earlier part oi tlm paper suggest that tie nse in heart rate 
would more than outweigh any advantage arising from a '^notion in the 
blood pressure, and several laots confirm the relative unimportance of Hood 
pressure Thus, after amyl nitrite, the pam may pass away at a timeu-hen 
the blood pressure has regamed a lugb level (Pig 5) It was pointed out 1 , 

in certain circumstances, nitroglycerine might affect the amount of exercise 
without altering the final blood pressure, and, m one case, a similar resul 
was obtained after erythrol tetramtrate This type of result is shown in 
Pig 7 Moreover, in cases in which nitroglycerine increased, and erythrol 
tetramtrate failed to increase, the amount of exercise tolerated, the effects 
on blood pressure were often identical Finally, nitroglycerine faded to 
improve the performance m some cases m which it had a profound effect on 
the artenal pressure All these facts suggest that the mtntes act by some 
means other than through lowering the artenal pressure It has been 
repeatedly shown that the mtntes ddate, and increase the total bloodflow 
through, the coronary vessels of ammals Amyl nitrite is most rapid m this 
action, and erythrol tetramtrate is slower , nitroglycerine is intermediate 
in its effect (Voegtbn and Macht (27) ) Where observations have been 
made on the intact heart, the increased flow has occurred in spite of the con- 
comitant fall m blood pressure (Scbloss (22), Prangois-Pranck (S) ) It is 
probable, however, that such results are inapplicable to diseased and ngid 
coronary vessels In the two hearts we examined after death, it was difficult 
to see how any agent could have caused either expansion or contraction 
of the occluded vessel m Case 3, and of the grossly diseased and calcified 
portions of the coronary artery in Case 6 Nevertheless, m both these 
cases, amyl mtnte diminished the duration of the pain, and in 
Case 0 nitroglycerine increased the number of efforts required to produce 
pam This we believe to have been due to dilatation of the relatively 
healthy vessels which were also present, so that there was an increased 
blood supply to the ischaemic area of heart muscle This view is supported 
by the following observations of Smith (23) on dogs A distal branch of the 
left coronary artery was ligatured, and caused infarction of a given area 
In several dogs, nitroglycerine injected into the left ventricle caused 
cyanosis to disappear m this area, comcident with the maximum fall in 
blood pressure In other ammals, and especially where the mfarcted area 
was large, no effect could be seen after nitroglycerine There is no doubt 
that, m the former cases, a dilatation of the anastomotic vessels improved 
the blood supply to the mfarcted area This observation suggests, in 
addition, that nitroglycerine might reasonably be given to cases of coronary 
thrombosis in the hope of reducing the size of the ischaemic area 

On the basis of these observations, we explain the effect of amyl mtnte 
bj the increase in blood supply to an ischaemic area of the heart, either by 
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dilatition of the original vessels of supplv, where 1 he\ arc healthy enough 
to tesponil or In it ‘t at turn on the anastomotic •vessels where thev are not 
In two of these t im i, mtroghcerine was tumble to increase the bloodflow 
to these nuns suftuientlv It is notcwortln that both gave histones sugges- 
tive of < oronai \ thrombosis (confirmer! m one case after death) Erjthrol 
telranitiite though cnpible of dilating the relative!} hcaltln systemic 
vfssi Is as the fall in blood prrssure shows, can dilate the coronary vessels 
elTietivdv wlien thev too art onlv shghtlv diseased 

In l'ise 1 the nition of the nitrites is more difficult to interpret, and 
it i s reporit d in the hopt that similar examples ma\ he found and studied 
fists are alu ulv on rttord m whitli nnnl nitrite increases anginal pain 
(Wood and Wol firth (.U), Cise t), and we have ourselves seen a patient 
sufh ring from aortic tint isr with spontaneous attacks of angina, in which 
tin inhalation of mini nitrite would nitmllv bring about an attack The 
rue m ju ut ntt in rt spotne to mini nitiite and nitroglvccnnc was greater 
in (’is, l (1 ,g s) thin in am other in our senes and it is probable that 
this fat tor mori than outvuightd am dilator efTect on the coronary vessels 


Oh't rial toil* nn ctijihi/IIni 

It h is long been known that caffeine and its derivatives give rise to an 
imrt is< d How through toronirv vessels wlien tested on the isolated hearts 
of animals .Smith, Miller ami Graber (21) Imve compared the relative 
tlTtds of <h fieri nt derivatives with that of nitroglycerine on the isolated 
hi ait Tlu v found that euplnllm (theoplnlhne ethylene -ilia mine) was 
tin most potent i iffein diinatnc, giving, m (loses compirnblc to a dose of 
0 2'» g in man, a 10 to '»() per cent increase in the coronary flow ^ A similar 
, n( i( use was given In lutioghccrinc m a dose equivalent to 0 Go mg (1/100 
gram) m man Gilbert and Venn («>), m snmlar expeuments found it an 

efi.ucnt coionarv d.lato, hut shghtlv less so than theobromine derivatives 

The ding is uidelv emploved for this purpose, and we decided to test its 
pmvoi of enabling oui patients to perform a greater munhei of efforts before 
the onset of pain We used for this test onlv pvtients who lcsponce 
satisfactoulv to mtroghccrme Powdered tablets containing 0- g, given 
bv mouth, had no effect on eithei pulse or blood prcssuic, and patients 
exercised at 20 and 40 minutes after the drug had been given showed no 
liicicise in the amount of exercise tolerated We therefore ported to 
mtia venous adnunistratioii A 10 c c ampoule (0 24 g ) was given to fo 

patients who vveic tested f. and 25 minutes after the injection In two cases 
on! Cases 4 and 8), were positive results obtained The ««n 
exercise toleiated mcieased slightly 5 minutes, and to a greatei extent 
o-, minutes after the drug had been given In both these cases however 
“mo Imcl . much greater ctloot Whatever, therefore, ho effe 
of euphj.hu m nnunnt ovpennren..,, rts ae.ro ,, .» a — ' ^ “ 
insuflieient to lecommcnd its use m angina of effort 
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this connection, that its clinical reputation rests mainly upon statements 
that its administration, over extended periods, diminishes the frequency and 
seventy of attacks (Gilbert and Kerr (10) ) The value of such evidence is 
notonously difficult to assess Six of our cases have shown improvement 
varying in degree during the year they have been under our observation, 
although therapy has included little more than rest and the occasional 
administration of mtroglycenne Had the whole senes received a prolonged 
course of one of the newer remedies, a false impression of its efficacy might 
easily have resulted It is, of course, possible that a drug which does not 
increase the amount of exercise tolerated in our tests, may yet give nse to 
clinical improvement over a penod of time, or in cases other than pure angina 
of effort, but this appears to he unlikely 


Angina of effort and aoritc disease 


The two cases of aortic regurgitation (Cases 4 and 5) gave results 
m all respects similar to those presenting no valve lesion Angina of effort 
is not typical of this class of case , often they suffer from the severer and 
spontaneous attacks described by Lewis (17) One of these (Case 5), 
whilst still under investigation, complained of attacks which came on in 
bed at night, and he could no longer be regarded as a case of angma of effort 
in the sense m which we have defined it There was, however, no obvious 
difference in the reactions of this patient to exercise after these spontaneous 
attacks had begun He had a positive Wassermann reaction, and it is 
noteworthy that the results which he gave were similar to those obtained 
with the others, although the coronary arteries were here probably mvolved 

mainly at their mouths, rather than lower down, as in the arteriosclerotic 
cases 


The effect of rest on the angina of effort 

Five cases spent from three to five weeks in hospital, and we were able 
to estimate the effect of rest on the amount of exercise required to produce 
pam he were surprised that the improvement was so slight The two 
m which the onset of the disease was recent (Cases 10 and 11), benefited 
most, whilst the improvement was negligible in cases of longer standing 
Ihey had, of course, no attacks while they were in bed 

After four months observation, Case 3 became very breathless on 
exertion, and complained of nocturnal attacks of paroxysmal dyspncea 
e said that his attacks of angma had disappeared, and, in a test, he had to 
s op because of breathlessness before pam arose Congestive failure was 
no present He was admitted to hospital, and after a prolonged rest, a single 
est was made to determine the effect of exercise This showed that pam 
was produced by exactly the same amount of exercise as in the earlier tests 
nJ?, Dg / subse( l uent admission to hospital, he developed congestive failure 
VZ rr n ° m ° re an § mal » generally agreed that the onset of conges- 

e failure causes attacks of angina pectoris to cease, and Mackenzie (19) 
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suggested tlmt Huh is due to dyspnoea appearing during exercise before 
enough to induce jmm 1ms been taken Our experience with this patient 
suggests that, dv^pnoea on exertion may occasionally protect a patient 
similarly, run though venous congestion hns not j’et appeared 


The prognosis vi angina of effort 


It would he unwise to generalise too widely about the progress of the 
disease from a stud\ of a few cases over so short a time We can, however, 
for tins purpose, include a number of pitients who were tested by our method 
on two or three occasions to determine their exercise tolerance, but who were 
imompli tdy mvestigiUd for reasons such as inadequate agreement of 
control t(sts, too gri at suggestibility , or insufficient co-operation In all, 
there are words of twenty pitients with whom we have kept m touch 

It is gem rally believed tlmt the less the amount of exertion required to 
produce pun, the worse is the outlook In our senes this is in general true, 
simo the ( ises m which pun was easily induced remained stationary or 
bun mi worst, whilst improvement took place in those who already tolerated 
evtrnst will Thi reason for this may ho that the majonty of the first 
group had had the diseiso for a year or more, whereas the latter were seen 
a ft w months after t hr first attack of pain 

In gemral, the tendency is for improvement to occur at first, probably 
as the rt suit of mollified habits and a greater amount of rest, followed later 
b\ a gradual diminution in the amount of exercise tolerated In some cases, 
attacks (Mutually develop with amounts of exercise so slight that they 
appt tr to he spontaneous Death nun occur at any time, and it is note- 
worfhv that three out of four patients who died m this senes of twenty’ cases 
wire abli to tolerate much larger amounts of exercise than several who are 

still alive 


01m nations are still m progress on the effect of other factors such as 
tin taking of food, the presence of gastric distension, and the temperntur 
of tin patient's emnonment, which arc commonly believed to influence 
the onMt and severity of anginal pain 


StniMARV 

1 A wnw of Horen trn ... ulnoh exorcise and oxcro.se nlono gave 

- -lz&sstjS 

sucli exercise, m successive control tests, was lumiu 
one enso 

2 The appearance and disappearance of pam in ^ ICS ^ re j a tion 
unrelated to the lieiglit of tlio blood piessuic, but m most 

to tlie lienrt rato could be shown 
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3 In four cases to which atropine was given, it caused a diminution 
in the amount of exercise required to produce pam, and the attack was 
prolonged 

4 Pressure on the carotid sinus diminished the duration of pam 

5 Inhalation of amyl nitrite reduced the duration of pam, but its 
disappearance showed no relation to the fall m hlood pressure 


6 After nitroglycerine, which m all hut two cases increased the 
exercise tolerated, pam often arose at blood pressures no higher than normal 

7 Erythrol tetramtrate increased the amount of exercise tolerated m 
three cases only, although pulse and hlood pressure were usually considerably 
affected 


8 In one case, both amyl nitrite and nitroglycerine prolonged the pam 


9 In two of four patients, all of whom had responded well to nitro- 
glycerine, intravenous euphyllin gave only a slight increase m the amount 
of exercise which could be taken before pam arose 

10 Prolonged rest in bed had a more favourable influence on the 
amount of exercise tolerated in cases of recent onset than in those of longer 
standing 6 


11 Our results cannot be explained on the assumption that anginal 
pain arises from a distended aorta They are consistent with the view 
tnat it is due to a relative myocardial ischaemia The rise m heart rate 
uduchismore important than the raised blood pressure, increases the energ^ 

Iw ThTh ^ a concoimtent ^ease m the coronary 

actlon of the ua angina of effort is due to 

Seypd° he COTOnaTy Vessels ’ and not t0 the ^11 m blood pressure which 


CASE RECORDS 

of 8 “ teW thanka t0 Dr Smith who introduced us to four 

heavdv until hif presei^Tjl^’ ?J . eI ® p ^ 0110 fitter 1111111 onQ year ago He smoked 

‘ Present mness and is suspected to have consumed alcohol to excess 

attacuSTery slv^ m the course of 24 hours, he had three 

wrists The mm la spreadm , g to 1,0111 shoulders and down both arms to the 

«nd was acSSy SeS pSZ “ ho «> ^ 

at rest The pain was 6181 0114 tlurd attacks occurred whilst he was 

retrosternal pam occurred durLr exemT^rt ™ ?“ aok Subsequently 



walking ih imtaL. " exercise ends, the pam passes off gradually If he persists m 
* gnawing 1 of^Tn Tf ’i and may to 1x5111 aiolllde ra It is a continuous dull 

exercise to pro^kl n rtA'TwTTt tha ? lt vn * moalbs a 8° requires severer 
more quick) v wf lllat d he a nitroglycerine tablet the pam passes off 

worse m winter be00,nM easJy ^thless on exertion and has a chrome <£oghwbieb is 
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Summary of the results of the tests The av erage resting blood pressure was 100/55 and tbe 
pulse rate 68 The average number of efforts required to produce pom in the control tests was 
40, and the pain lasted 1 minu te and 30 seconds (18 tests) Amyl nitrite (2 tests) and carotid 
sums pressure (1 test) diminished the duration of the pain Nitroglycerine (3 tests) and erytlirol 
tetramtrate (1 test) affected neither the number of efforts nor the duration of the pam 

Progress His pain remained unaltered, but be became breathless on exertion, and m March, 
1932, began to have severe attacks of nocturnal dvspnoca during which frothy blood stained 
sputum was produced The attacks were said to be very distressing, but wero not accompanied 
bv pam He no longer had anginal pam, but Ins exercise tolerance was much reduced by breath 
lessness He was admitted to hospital where he was free from breathlessness The kidneys 
appeared to be acting normally and there were no signs of congestive failure He improved 
greatly with rest, and when tested on 12 5 32, required 40 and 52 efforts to produce pam although 
he became more dyspnoaic than m previous tests He went home on 13 5 32 and was readmitted 
on 3 6 32 with a history of similar attacks of dyspnoea He showed Clieyne-Stohes breathing, 
and had 4 cm excess filling of the veins in the neck, enlargement of tho hv er and slight oedema 
of the ankles He developed a right pleural effusion and 1,200 c cs of fluid wero removed with 
temporary improvement in the breathing After morphia and hvoseme m preparation for a 
minor operation, he became very dyspnceic and comatose and died after a few hours 


Postmortem findings The heart was slightly enlarged with normal valves The descending 
branch of the left coronary artery was completely occluded from its origin for a distance of 
about 6 cm Sections taken from the coronary arteries at various levels Bhowed complete 
occlusion and calcification of this branch and considerable atheroma of the circumflex division 
of the left artery The right coronary artery and its branches were more healthv, hut they 
too, showed atheromatous chang es on section The sections of the heart muscle revealed tho 
presence of an old infarct at the apex of the left ventricle The remaining muscle of the two 
ventricles was diffusely fibrosed The thoracic and abdominal aorta were grossly atheromatous 
The pleura over the left lung showed a calcified plaque on its posterior aspect and both lungs 
exhibited apical scarring The right lung was collapsed by a pleural effusion Two small healed 
infarcts were found m each kidney which otherwise were normal The basilar arterv was slightly 
atheromatous but no signs of any alteration in the pons or medulla were evident either to the 
naked eye or in stained sections 


CASE 4, JAT , a married man, aged 59, is a cabinet maker, but he has not worked for 
mfectiorL? arE Ho to drmk Bnd smoke heavily but does not do so now He domes venereal 

n,. S12 31 He was quite well until four years ago when he began to have nam in 

exertion The first attack occurred whilst walking and was extremely severe It 

j aenma it it 13 brought on more easily after a meal and m cold weather 

does not become unusually breathless on exertion weather He says he 

i-SSar-SST KS™* ~ «2r 

the pZZ?e "*?£»** P^ure was 140/50 and 

(i S«>! K223S. toMaSES" 1 "* *-•“ •* *■» p™ 

wM^m^ Sian **”$*** AW 

JnwsrSSSSSSaff 
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CASE 7 E T , a married man aged 68, was a gardener until his present illness 

History 4 12 31 He was well until three months ago when ho experienced an attack 
of pain in the chest whilst at work The pain was not severe , he has had similar and more 
severe attacks since It is situated behind the sternum and sometimes radiates to tlio left 
shoulder and wnst It occurs on vigorous walking for about a mile on the flat and after a less 
distance up hill, and it passes off when he rests The pam is continuous and “ gripping ” It 
is said to come more easily m cold weather and on taking exercise after a meal He has been 
breathless on exertion for years He suffers from arthritis in both knees 

Examination He shows no dyspnoea at rest but easily becomes breatliless on exertion 
There are no signs of congestive failure Clinically and on X ray examination there is moderate 
cardiac enlargement and the aortic shadow is wider than normal The heart sounds are normal 
and a faint systolic murmur is present at the apex Hie radial \ essels are normal, but tho retinal 
vessels show signs of thickening An occasional extrasystole is present at rest, and after exercise 
pulsus altemans and numerous e xtrasy s t oles can be detected Both knee joints show chrome 
osteoarthritis 

Summary of the results of the tests The average resting hlood pressure was 1G5/D5 and the 
pulse rate 104 The average number of efiorts required to produce pam was 50, and the pam 
lasted for 60 seconds (22 tests) Amyl nitrite (1 test) and carotid sinus pressure (2 tests) reduced 
the duration of the pain Nitroglycerine (2 tests) and erythrol tetramtrate (2 tests) increased 
considerably the amount of exercise tolerated and diminished the duration of the subsequent pam 

Progress He improved considerably during a year of observation and was able to undertake 
much more exercise 


CASE 8 WT , is a married man aged 55, who was an engine dmer until his present 

History 21 I 32 Four months ago he experienced pam m tho chest on walking up hill 
ratlier quickly’ It has since come on more easily, but otherwise has not altered It comes 
on gradually, but only on exertion, and passes off when he rests It arises after walking quicklv 
“ quarf f ofa 111110 on the level M«d after a less distance if he climbs a hill Itw situated 
behind the i manubnum sfemi and sometimes radiates to the left wnst Itiscontmuons “smooth” 

rinmndn™” ? est 18 8010 after lt , haa Passed away It is brought on more easily on cold 

damp days and by taking exercise soon after a meal He does not easily become breathless 

of comrtm'' fmlurif 6 Thi? £° fc J? ec ? m6 « Wmally breathless on exertion There are no signs 
^ heart shows neither clinical nor X rav evidence of enlargement 
There are no s.gns of a valvular lesion The rhythm mreS 
mo Wmhf tt, w Pk ° 18 sIowln ® after exercise extrasystoles appear The peripheral vessels 
T waves m leiSs Yu^TlII 1 **'** 011 “ n8BatlVe 0011 tho electrocardiogram shows low voltage 

puls/rate 1 ?^ %he^t u!ls °* P 10 avera ge resting blood pressure was 130/85 and the 

of the pam^G seconds fo produce pam W 26 and the duration 

a slight diminution m the SSation^f tlm ^ 8 ? d carot ‘d pressure (2 tests) caused 

amount of exercise tolerated without tests ) nlorB tllan doubled the 

Progress ” - - 

produce pam 


He showed a shght but steady increase m the amount of exercise required to 


married man aged 61, is a boot maker by trade He has always 


CASE 9 HJZ , 
smoked excessnely 

of pam m the che^on when he experienced an attack 

passed down tho left arm ancl to the back^ 7 Ti^ 8 t0 the le£t o£ the ster oum and 


wall 

strauung at stool 


of cStw^'toluif ' * ft breathless on exertion There are no signs 

auure me heart shows signs of shght enlargement The sounds are very 
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CHLORIDE AND UREA EXCRETION AS A MEASURE OE THE 
FUNCTIONAL ACTIVITY OE HEALTHY AND DISEASED 

KIDNEYS 


By E H SMIRK * 

( From the Medical Unit, University College Hospital, and the Manchester 

Royal Infirmary) 

Introduction 

It is well known that after a dose of urea by mouth, the normal individual 
will concentrate and excrete urea more effectively than do certain cases of 
renal disorder Little attention has been paid, however, to the other changes 
m unnary composition which result from urea administration It will be 
the object of this paper to show that in normal subjects the administration 
of urea increases the rate of chlonde excretion m the unne, and usually 
mcreases the urinary chlonde percentage, whereas it leaves these relatively 
uninfluenced in patients with nephntis It will also be shown that the 
mcreases in the rate of chlonde excretion, and in the percentage unnary 
chlonde of normal subjects, are not explained by alterations m the percentage 
of chlonde m the plasma Furthermore, it will be shown that differences 
between the chlonde excretion of normal subjects and that of patients with 
nephntis, do not depend upon differences in the plasma chlonde percentage 
The maximum percentage chlonde m the unne and the maYmvnm rate 
of chlonde excretion attained after giving urea were so frequently subnormal 
in tests on patients with diffuse renal disease, that an investigation was made 
of their value as a practical index of slight functional impairment of the 
kidneys , for while the urea concentration test of Maclean and De Wesselow 
is of great value, it fads to show abnormality m many cases of diffuse renal 
disease , and does not always demonstrate the mdder defects in nitrogen 
excretion It was found that this test which is concerned with the behaviour 
of the unnary chlondes after giving urea had the advantage that patients 
with almost any type of diffuse renal disease gave abnormal responses even 
where the urea concentration test was normal, yet cases of harmless 
functional ” albuminuria in adolescents gave normal reactions Over a 
period of seven years this test has been found of practical value in the 
diagnosis of, and in determining the prognosis m cases of Bright’s disease 
Nevertheless some care must be exercised in the interpretation of results 
~ s first employed (Sections 1, 2, 3) the test had the disadvantage that a 
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diet deficient m clilondo and perhaps also a diet containing an encess of 
nlhah would sometimes prodnee an abnormal response in parents who were 
not sufferers from Bright’s disease Such response was most likely to occur 
in patient, having treat ment for gastric disorders The test was, therefore 
modified (Section 4) by giving urea and chloride together This alteration 
overcomes the difficult} resulting from diets which are slightly deficient 
in chloride In this waj were combined the advantages of the Maclcan-dc- 
V\ cssclow urea concentration test, the Dc Wcsselow chloride test and the 
hrst test to be described m this paper of winch a brief account lias been 
published elsewhere (b) 


An attempt 1ms been made also to explain certain features m the 
functional pathology of luhanced chronic nephritis 

Tlie lettering of the tests in the following tables refers to the type of 
patient ‘studied and not to the form of test used Thus Tests A 1-35 uere 
m ide on subjects with no e% uloncc of renal disease and on cases of functional 
albuminuria m adolos<ents Ttsts C 1-f.S were made on cases of Bright’s 
disease Tests B 1 10 were made on cases with renal damage not proved to be 
nephritis, or on i w s where the patient was suffering from a condition likely 
to be compile it<d In runl damage, but in which, at the time of making 
the t(st, nephritis could not be recognised either bj the symptoms, the 
physical signs, or In the urea concentration test 


Tor the purposes of this paper there was no difficulty m the subcbvision 
of casc^ Onl\ definite cases of Bright’s disease were included m the “ C ” 
gnmp, and eises of doubtful diagnosis were classified separately until such 
time as it was possible to make a definite diagnosis As “ mild ” eases of 
nephritis are often referred to it is important to explain what is meant bj- 
“ mild ” and upon wlmt findings the diagnosis of Bright’s disease is based m 
such t ism 


In this ji tpc r 14 nephritis ” includes all t \ pcs of Bright s disease and does 
not exclude such disorders as “idiopathic nephrosis” and “amyloid 
nephrosis” which are said to he of a non-mflammatory nature Using 
nephrosis ” in the \cr,\ strict sense employed by Loiter, no case with the 
nephrotie syndrome uncomplicated bj eMelencc of glomerulo-nephritis has 
been encountered m tins scries The diagnosis of nephritis has rested 
largely upon the presence of a sufficient number of the following findings 
albuminuria, h.ematurm, h\pertcnsion and oedema which is not inflammatory, 
obstruct no, ebclctic or the result of heart failure with congestion The 
presence of mam hyaline casts, a moderate number of granular casts or 
blood casts, or of am epithelial or fatty casts is taken as evidence of 
nephritis prouded there is no other explanation of their presence 

(’.isos are described as mild when the patient feels well apart from slight 
lassitude, can pioducc urine containing 2 per cent or more urea, has no more 
than slight transient oedema and not many red cells m the urine on microsco- 
pical examination Several of the cases referred to could bo diagnosed as 
nephritis or as resulting from nephritis, only by the previous history 
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Method 

la most of the earlier investigations the subject was starved and 
deprived of liquid for at least 10 hours before the urea was administered 
In the subsequent tests, however, the patient was given breakfast at 5 a m 
consisting of one egg without salt, one or two slices of buttered toast and one 
cup of milk or water This slight change in the arrangement of the test 
did not appear to affect the results The bladder was emptied at 5 30 a m 
and at 9 30 a m At 9 30 a m 15 g of urea dissolved in 100 c c of water 
were given and hourly or half-hourly unne samples were taken until 1 30 or 
2 30 p m 

Urea in the unne has been estimated by the hypobromite method, 
which is rapid and sufficiently accurate for the purposes of this investigation, 
urinary cbionde by the method of Volhard (3) 

Plasma chlorides were estimated by the method previously described (6) 
The tec hni que of blood sampling and a consideration of the sources of error 
and precautions which are necessary in evaluating changes in the blood 
composition, have been the subject of previous papers (7, 8) 

Section 1 The •urinary chloride before and after urea administration 
In unne samples taken before any urea is given but under the standard 
conditions descnbed, the chlonde percentages m normal individuals usually 
lie between 0 3 and 0 8% NaCl according to the amount of water excreted 
In cases of Bright's disease this statement holds good, but low cbionde 
values occur much more frequently The plasma chlonde, however, is 
relatively constant, about 0 6% in both normal subjects and in patients with 
Bnght'a disease 

(a) The maximum chlonde •percentage In normal subjects where the 
dose of urea but no additional salt has been given the concentration of 
chloride in the unne, expressed m grams NaCl, has been found as high as 1 5% 
The maximum chlonde percentage attained in the course of any test, 
either before or after the giving of urea, is set out in Table 1 It will be 
observed that a percentage greater than 0 8 is attained in 22 out of 33 tests 
on normal individuals, whereas m only 2 out of 65 tests* on patients with 
nephntis is a percentage of 0 8 or over encountered 


TABLE I 


ZVie maximum chlonde percentage tn unne be/ore and after urea administration - 

i 


Numbers attaining maximum percentage NaCl of 


Total teste 

1 

under ' 

03 

04 1 

05 

0 6 

0 7 

OS 1 

09 1 

o\er 


| 

03 

to 

to 

I to 

1 to 

1 to 

to 

1 to 1 

1 1 0 


1 

_ 

04 

1 

06 

1 07 

| OS 

09 1 

i 

1 10 | 


Normals 

33 J 

0 

\ 

! 2 


m 

B 

B 

S j 

! 6 

s 

Neplmtics 

05 

i 17 

m 

s 


D 

B 

0 

! 2 

0 


* “ X out of Y tests ” mil be expressed in future as a fraction X/Y 
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ccntration 

oedema 


Normal urea concentration 
■without oedema 




Died within a few weeks of C 3 
Moderately well 7J years after C 4 

Perfectly well 74 years after C 0 — working normally 
throughout 

Died a few months after C 14 from other causes 
Died a few montlis after C 18 


Died about 5 months after C 21 
7£ years after C 22 is poorH and shows marked 
functional impairment 

K.1V C.29 2 2 0 56 6£ years after C 27 feels yery well and a functional 

test shows no abnormality and there is no albumin 
m the unne 

Died within a few weeks of C 30 

F IV C 35 2 0 0 59 6 J years after C 33 feels perfectly well — no mteryen 

mg illnesses 

16 C32 21 0 62 Is well and has had no furthor trouble since C 32, 

6J years ago 

NO C36 27 0 99 Is moderately well 6 years after C 36 , there is 

C 37 2 4 0 73 occasional oedema 

Is well 6 years after C 38 and a further renal function 
test shows no abnormalities and the unno is free 
from albumin 
Died within a few weeks 

F-Mo C 40 2 1 0 76 Is moderately well 6 years after C 40, works and 

plays golf 

Died within a few months of C 41 
Died a few months after C 42 
Died a few weeks after C 43 
Died withm a few months of C 44 

Died about 44 years after C 46 
Died withm a few weeks of C 47 
Died withm a few weeks of C 48 
Died withm a few months of C 49 

Feels well and is working 5 years after C 50 

Died with an acute recurrence Date unknown 
" C55 2 6 0 71 Quite recovered and free from albumin 5 years after 

Is working as a nurse 6 years after but has much 
albuminuria 
Died (date unknown) 

Died (date unknown) 

Died about 4 months after C 57 
I Fit and well 6 years after C 53 

_ Died withm a few weeks of C 69 


Moderately well Mam complaints non renal 44 
years after C 62 

Moderately well Almost normal activiti 74 years 
after C 64 


*** 4 cry marked oedema not necessarily universal 


**** Gross generalised oedema. 
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The maximum urinary chlorido percentage attained after a dose of 
urea is not, however, the highest urinary chlondc percentage which can be 
attained, for if ohlonde is administered alone, (do Wesselow 1925 (10) ) or 
in addition to urea (Section 4 of this paper) higher ehlonde percentages are 
found m the unno 

In regard to the amounts of salt contained m their diets, there was no 
gross or consistent difference betwcon tlio normal subjects and the patients 
with nophntis It must bo emphasised, however, that the amounts of salt 
stored m the blood and tissues may be unequal m subjects receiving approxi- 
mately similar diets (11) , for m addition to the amounts of salt consumed, 
the renal and extra renal excretions are to bo considered, as also the possibility 
that tho tissues m unhealthy subjects may have intrinsic changes in then* 
mineral metabolism Amounts of salt which are woll excreted by normal 
subjects aro said to bo retained without oedema formation in cases of 
" chrome interstitial nephritis ” (2) 

The danger of misinterpretation comes whon tho chlondo reserves are 
depleted, which may follow cither an inadequate supply of salt m the diet 
or tho loss of salt by \oimting Again, if there is a rapid accumulation of 
oedema the salt concentration of body fluids may fall by dilution unless 
additional salt is retained 


If mo consider non tho maximum chlondo percentages attained after 
giving urea to patients with different types of Bnght’s disease it will he 
observed (Tnblo 2) that tho highest chlondo percentages usually occur m 
tests where tho urea concentration is 2% or moro, and particularly m those 
patients who have no oedema at tho timo of tho test Where tho urea 
concentration is l 4% or less the maximum chlondo concentration after 
giving urea is low both in patients with and without oedema, and is usually 
less than 0 5% Chlondo jicrcentngcs in tho unno higher than the chlondo 
percentage in tho blood (0 0) aro usually associated with a normal urea 
concentration and do appear to indicate a good prognosis (Table 2) if we 
oxcopt such accidents as recurrent attacks of acuto nophntis, to which there 
is a greater susceptibility when n renal lesion is already present 

(b) The increase in the percentage concentration and rate of excretion of 
chlondc when urea is given by mouth In most oxpenmonts upon normal 
subjects where tho initial urinary chlondo percentage is low (say 0 6%or less) 
urea has caused an incrcaso of 0 2 m the unnary chlondo percentage (Fig 7). 
If the percentage is already high (say 0 0 or more) thcro may be no further 
increase in percontago (Fig 8), but only an incrcaso in tho rato of chlondo 
excretion ; and also, if there is much increase in tho rato of unno formation 
tho percontago chlondo may fall In tests on pationts with nophntis 
evon when tho initial unnary ohlondo porcontagc is low, urea seldom causes 
an incrcaso in percontago of 0 2 or moro (Figs 9, 11 and 12). Ukomso the 
increase in tho rato of chlorido oxorotion is not usually as great ns 0-2 g. per nr 


* For Fig* 7—12 ere pngra 1152 nnd 1C4 
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It is of fundamental importance to know whether m Bnght’s disease 
this subnormal degree of increase in the rate of chlonde excretion and m the 
percentage of chlonde m the unne (after urea) is directly the result of disease 
in the kidneys, or is due to a reduction in the chlonde reserves 

Por this reason a comparison is made of the responses of normal and 
nephntic subjects showing the same initial rates of chlonde excretion 
(Table 3) the same initial percentage of chlonde in the unne (Table 4) 

Table m 


A comparison of the increases tn the rates of chlonde excretion after giving urea, in normal subjects 
and patients imth nephritis whose initial rates of chlonde excretion were equal before urea was 
given 



1 < 

1 Initial rate of chlonde excretion before 
urea (g per hr ) 1 

00 

to 

0 I 

f 

01 

to 

02 

02 

to 

03 

03 
to 

04 

I 

0 5 
to 

06 


J Number of tests 

3 

1 8 


4 

i 6 

i 

Normal Number of testa with increase of less 1 

subjects^' than 0 2 g per hr j 

0 

1 

r 

1 1 

1 

1 3 

» I 

| i 

0 


j Average increase (g per hr ) t 




042 

i 0 34 

0 23 


Number of tests [ 

» i 

16 

1 12 

9 

3 

2 

Patients 

with 

nephntis 

Kumber of tests 'with increase of less j 
than 0 2 g per hr 


1 

9 1 
9 ( 

1 

6 

n 

1 2 

Average increase (g per hour) < 


019 

0 17 



0 13 


TABLE TV 


A °/ the l ncrea f<* in the percentage unnary chlonde after giving urea in normal subjects 

nd patients with nephntis whose initial percentage chlorides were equal before urea was given 



j Initial percentage 

1 chlonde before giving 
j (g per 100 c c ) 


i 

02 

to 

03 

03 
to 

04 

i 



o\ er 
09 

Normal i 
subjects 


2 

1 

2 

3 

3 j 4 6 2 j 6 

4 

1 dumber of tests with ] 
1 increase of less than . 
0 2 per cent m the 
chlonde 
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0 

t 

1 

| i : 

loii! 

J i > 

i * ; i 

1 0 2,4 113 

3 



: 

0 16 j 


0 13 

0 02 

Patients 

with 

nephntis 
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1 " I 

i 7 

11 

i 

0 

13 , 4 ' 3 


Ea 

Number of tests with 
increase of less than 

0 2 per cent in the 
chlonde 

3 

II 

II 

! 6 

i 

i 

7 1 

1 

1 

10 , 

« 1 

J 

12 4 ' 3 



A\ erage increase in the 
chlonde (per cent ) 


0 13 

0 02 
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niul tho same plasma chloride (Section Id) It will bo seen that, even when 
they start with the same initial rates of chloride excretion, the normal 
subjects show a more marked increase m chloride excretion after taking 
urea, than do patients with Bright’s disease Also normal subjects and 
patients with Bright’s disease having the same initial percentage clilondc 
m the urine, show differences m their powers to increase further the chlonde 
percentage 

The effect of urea upon the urinary chlonde percentage depends upon 
the severity of the nephritis as judged by the maximum urea percentage 
\Mien the maximum urea concentration is 1 4% or less the increase m the 
clilondc percentage is usually less than 0 00% and m onl} 4/22 tests has it 
been more than 0 1% but m patients where the unnnry urea concentration 
is normal the increase m percentage chloride though seldom ns much ns 
0 2% was more than 0 1% m 0/18 tests In Bright’s disease with a low' 
ure i concentration the concentration of chlorides m the urine is as a rule less 
than in patients with a normal concentrating power for urea 

(r) The vvuimum urinary chloride percentage after gnmg urea in cases 
of Brujhl\ th^casr uhrre the rapacity to concentrate urea is normal 

The cases which ordmariK gi\c difficult v m diagnosis arc those where 
the lire a concent ration attains 2% or more The practical value of clilondc 
istimations m the course of a urea concentration test is well demonstrated 
in such pat lints The maximum chloride percentages m normal subjects 
and pitunts with mphriti*. are given m Tables 1 and 2, and the maximum 
ure i percentages in Fig 2 

\ concentration of more than 0 S% Xa('l has been attained m 22/33 
tests on normal subjects and in onl} 2/2 1 tests on subjects with nephritis 
A furt lu r separation niaj he effected if together w ith the maximum percentage 
Xaf’l attained, wc consider that, although the urea concentration is above 
2% in this group of patients vet it reaches 2 5% m onl} C/24 tests, whereas m 
normals this percentage is reached in 20/33 tests 

(</) The nlntionship hrtueen the percentages of chloride m the plasma 
and the exeritwn of chloride in the urine after gnmg urea It has been 
Miggf sted that the increased chloride output which follows the administration 
of man} diuretics is the result of the mobilisation of chloride from the tissues 
and the* excretion la the Kulnevs of this excess m tho plasma 

In Table •"> it will be seen that the plasma chloride percentage both of 
normal subjects and patients with nephritis is only slightl} influenced by 
giving urea Variations which occur are usuall} within a range of 0 02 g 
per 100 c c of plasma Such changes are usually m tho direction of decrease 
and although small m degreo they aro often greater than the chemical 
error In tho analvsis of a single samplo tho chemical error is less than 
+ 0 00.“> g per 100 c c of plasma Estimations were mndo m duplicate or 

triplicate. 
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TABLE V 


Examples illustrating that changes in the urinary chloride after gmng urea do not depend upon 
changes tn the plasma chloride percentage 



Change in 
plasma chlonde 
<%) 

Change in 
rate of chlonde 
excretion 
(g per hr ) 

Change in 
unnan chlondo 
(%) 


— 0 012 

+ 0 92 

+ 0 50 


— 0 016 

+ 0 52 

+ 0 72 

Normal 

— 0 031 

+ 0 32 

— 0 19 

subjects 

— 0 018 

+ 043 

— 0 30 


+ 0 008 

~ + 0 33 

+ 0 10 


-1-0 005 

+ 0 37 j 

— 0 22 


— 0 017 


+ 0 02 


— 0 029 

J- 0 10 j 

+ 0 05 

Patients with 1 

— 0 010 


— 0 OS 

nephntis 

— 0 013 

-r 0 06 

— 0 15 


+ 0 0H 

— 0 09 

i —019 

1 

t 

. 

+ 0 003 

— 016 

— 0 22 


Erom the results of 21 tests on normal subjects and 21 tests on patients 
■with nephritis it is clear that in both, comparatively large changes in the 
rate of the chlonde excretion, and in the percentage chloride of the urine, 
may take place -without there being any corresponding change m the plasma 
chloride , and the chlorides of the urine may increase -while the plasma 
chlonde falls The changes m the plasma chloride are in any case small 
(usually less than 0 02%) compared with the unnary changes which may 
be ten to sixty times as large It is not suggested that small changes m the 
p asma chlonde have no influence upon the urinary chlonde but m these 
experiments the influence of this factor is not dominant 

Although changes m the percentage chlonde in the urrne after giving 
urea are not dependent on changes m the plasma chlonde percentage it is 
o interest to know whether the percentage unnary chlonde is the same in 
normal subjects and m patients with nephntis whose plasma chlonde per- 
centages are equal There is, however, some difficulty in deciding which 
alue of the unnary chlonde is to be selected as representative of a particular 
expenment Tbe maximum chlonde percentage after giving urea has been 

fO + l th ^ PUI ? 0Se becauae m tins there is usually a clear distinction 
een the chlonde concentrating powers of normal subjects and patients 

rna-omnm m* 8 , The plasma chlonde percentage corresponds with the 
-Qmum chlonde percentage after giving urea in time relation 

tin* seen , fro 7 m 1 tiiat for equal values of the plasma chlonde 

than ° e of nor “ aI individuals has a much greater concentration of chlonde 

the P , a ^ ' nth B " ght ’ s d**"* » “ therefore, that m 

majonty of these espenments the relatively low chlonde concentration 
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attained m oases of nephritis oannot be attributed to a relative deficiency of 
chlorine m the plasma — the probable consequence of a diet poor in salt 
In two experiments, however, the presence of a percentage of chloride m 
the plasma below 0 58% is in itself sufficient explanation of the low urinary 
chloride. To what degree chloride may be stored in, or removed from, 
depots such as the skin without alteration m the plasma chloride is a matter 
outside the scope of the present paper, but a relatively high plasma chloride 
in the patients with Bnght’s disease may bo taken as contributory evidence 
that an adequate supply of chlondo is available It ib of interest to compare 
the above results with thoso obtained by Do Wcssclow after giving chloride 
Do Wcsselou ( 10) found that tho urinary chloride concentration of normal 



•» •» <o m -w •« ■» 

Pt»»ma chkrrije * per 100 cc 

F*« 1 Tltn rrlftUoiwlwn bwtwcra the mtiximum unnury chlondo percentage after giving urea 


subjects uns much greater than that of patients with nephritis, and this 
applied equally to thoso patients uhosc plasma chlorides wero equal to or 
greater than that of normal controls In a number of patients tho plasma 
oliloride was less thnn that of any normal subject investigated, and it moy 
Ixi that in thoso tho low urinary chloride was in port due to tho low chlorine 
content of tho plasma It is of interest to noto that several of the patients 
with typical " parenchymatous nephritis ” had high plasma chlonde values 
together with a low chlonno content in tho urrne. This relationship is 
liken iso frequently encountered in many of my experiments after giving 

High plasma chlorides occuring in cases of ccdomatous nephritis, have 
been attributed frequently to retention of chlorides m the blood « 
“ chlonomia.” But this “ chlonde retention ” can bo explained, m ^ part w 
least, by tho diminished protom content of tho plasma which res s 
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the heavy protem losses in the urine For if by ultrafiltration “ in vitro ” 
we remove some of the plasma proteins, then the filtrate will have a higher 
proportion of salts owing to the removal of the large protein molecules 


Section 2 The urinary and blood area 

So far this paper has dealt with the significance of the maximum chloride 
percentage and the increase m chloride excretion which may occur after 
giving urea It has been shown that the behaviour of the urinary chlorides 
after giving urea, betrays alterations in the functioning of slightly abnormal 
kidneys which are nevertheless, able to concentrate urea normally 

It now remains to consider the percentages of urea in the blood and 
urine, since these are of recognised value in deter mining the prognosis of 
relatively advanced cases , and with them another factor, the total amount 
of urea excreted by the kidneys during the 4 or 5 hours after urea 
administration 


(a) The maximum urea percentage in the urine The maximum urinary 
urea percentage during the 5 hours after urea administration is not necessarily 
the same m successive tests upon the same subject even supposing the general 
condition of the subject remains unchanged Variations of as much as 0 4 
m the maximum urea percentage between successive concentration tests 
are encountered and a patient with a percentage of 2 2 at first may have 
1 8 or 1 9% on a second examination These changes are often attributable 
to variations m the water output 

In both normal subjects and patients with nephritis the Tnnmmiim urea 
percentage does not usually occur m the first 3 hourly samples after taking 
the urea This delay in reaching the maximum urea concentration may 
account for the fact that higher concentrations are usually recorded by the 
Calvert than by the Maclean technique If the attainment of a 2% 
concentration of urea is to be used as an index of good prognosis it is of 
importance to consider the way m which the test is arranged In 29 normal 
subjects m which hourly unne samples were taken for 4 or 5 hours after 
giving urea the maximum urea percentages were attained as follows — 


17 times in the 4th or 5th hours 
5 » „ „ 3rd hour 

5 „ „ „ 2nd „ 

j 2 „ „ i s t 

and. in 59 tests on subjects with nephritis, 

25 times m the 4th or 5th hours 
»> „ „ 3rd hour 

16 ” „ 2nd „ 

2 >i ,, „ 1st „ 


(ratal rf° 2 o/ *" ”“ y p t W * ” ephnfas ““a® » eottcen- 
tration of 2% or more area m the «ime yet the mother of these trho reach 
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2 5% is veiy much smaller In most cases of Bright's disease where urea 
concentrations of o\or 2 "»% have been encountered, it appears that these 
ha\c occurred at tlic expense of the chloride c\crelton 

On Fig 2 arc compared the maximum urinary urea percentages found 
m the course of 01 tests on piticnts with nephritis and 22 on normal subjects 
Although a 2% concentration is attained in 20/61 tests on subjects with 
nephritis onh 8 of these reach a concentration of 2 *>% whereas m 29/32 
tests on normal mdmduals this percentage concentration is attained It 
mil be seen (Fig 2) that in the patients with nephritis who attain n urinary 
urea percentage of 2 a, the corresponding chloride concentrations m the 


K 



0. 04 0 f OS 10 I U 

Cl 1 >'• * in l)c uri~c a »mp'c with the ruximum nrva 

j 2 lit r ' *tt<« i tup l» t\»« ii tin j*i rii ntn„w of un<\ m tlio whip tutor ovine 

tin uinlft *hl 'oli ;» r< < ntm. • mill unm *iMnj>t«'tontmmu^tb maximum win potventn.^ 


urint art gintrilh muth lo^s than itt noruml individuals witlt similar urea 
t uni t ntr it ions It si ems \ t rv prob ible that the presence of a lou percentage 
(hlotidi and a dimmishtul rate or urine formation, enable** the damaged 
kidtit \ to form n htghtr urt i ptmntage m the urine than would be possible 

if tin urrnuri chloride pi rc outage' and the rate of urine formation were normal 

On pig .jure plot t < d the rates of urine formation corresponding m the patients 
with nephritis to all the nrei percentages o\cr 2% Practically all the 
points on t ho diagram which leprcscnt samples of urine from eases with 

nejibritis full within the area shown 

Although some of the simples of urine from normal subjects have urea 
p< r< outages and rates of urine fonnatton winch would fall within tlio 
nephritis nrei, in at least one sample m almost all normal tests the urea 
percentage and rate of urine formation nro such that they fall outside 
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circumscribed area onFig 3 In practically every case of nephritis there 
appears to be some defect in the excreting power of the kidneys for urea 
when compared with the large majority of normal subjects 



Eig 3 The relationship between the rates of tame formation and the percentages of urea in the 
urine after giving urea 

(b) The total urea excreted The amount of urea excreted in the 4 or 
5 hours after urea administration has been followed in relation to the blood 
urea and to the subsequent progress of the patient When the total amount 
of urea excreted m a period of 4 or 5 hours is diminished to below 3 g , there 
is often an increase m the resting level of the blood urea This is not an 
invariable finding smce, despite the diminished rate of urea excretion, the 
blood urea may he low because there is little protean m the diet In such a 
case an increase in the protein content of the diet would raise the blood 
urea Conversely patients with a blood urea of 50 or 60 mg per 100 c c 
of blood may excrete administered urea without difficulty, as though the 
renal mechanism remained sensitive to concentrations of urea m the blood 
lying above this level (C9, CIO, Cll, Tig 9) 

The total urea excreted is of some value m prognosis Thus if the 
maximum urinary urea percentage after giving urea is low the prognosis 
of the case is not so bad if the amount of administered urea excreted within 
4 hours is approximately normal In other words prognosis is better where 
any compensatory diuresis present is sufficient for the excretion of the 
metabolic products 

As a rule when 5 or more grams out of the 15 are excreted during the 
4 hours after giving urea there is no change m the resting level of the blood 
urea percentage If, however, 3 g or less are excreted there is almost always 
urea retention unless the protein intake is limited strictly 

For example J M (C 1, C 2, G 3, Fig 12) when admitted to hospital 
had a maximum unnary urea concentration of 1 1 and was excreting 
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1 3 g of urea (luring the 5 hours test A fortnight later his maximum 
urinary urea concentration was 1 3, but the excretion of urea was only 2 8 g 
on ing to a fall in w atcr excretion from 437 to 235 c c The blood urea was 
then found to be 304 and death took place 21 days later 

A W (C 30) had a urinary urea concentration of 0 7 and excreted 

2 l g of urea in three and a half hours, her blood urea was 300 mg % 
and she died w it Inn a fortnight The urinary output of 315 c c m three and a 
half hours was inadequate 

J L (C 18, C 10, C20) in contrast had unnnry urea concentrations of 
0 07 and 0 71 and excreted 5 7 g of urea in each 7 hours test The urinary 
output of G75 and 013 cc provided an almost adequate compensation for 
the low percentage or urea in the urine, hence the blood urea was only 42 and 
18 nig and the pnticnt felt rclali\cly well Later the urea concentration 
fell to 0 (»(» and the uruiar\ output of 502 cc became inadequate so that 
the urea excretion fell to 2 (> g m the 5 hours The patient at this stage was 
urcniK and dud some months later Again A If had urea concentrations 
of 1 ”* and 1 1 His urinary output of G72 and 7G0 cc enabled 7 7 g of 
urc i to be evented in the *7 hours He was nine, moderately well and 
following his occupation two and a half vears later 

A d (C t»"», Vig 11) when m hospital had a urinary urea concentration 
of 0 oi, but owing to a diuresis of SSI cc he was able to excrete 6 9 g of 
urea m .7 hours His blood urea was 50 and 5S mg on two occasions 
Since leaving hospital the patient has played football On re-examination 
2 years after le vv mg hospital, the patient mentioned an increase m lassitude, 
and there was more (edema under the eyes The urea concentration was 
0 u.2% and only 3 (>g of urea were excreted in t hours with a unnan output 
of .717 ee The corresponding blood urea was GS mg Since then the 
patient lias impro\ed again and 7 years later is feeling quite well The 
systolic blood pressure is 1 10 

The amount of urea excreted m a gi\on period (3, 1 or 5 hours) appears 
to be of almost equal -value to the blood urea percentage m estimating the 
severity of a renal function defect, and might he of greater value if the dose 
of urea given was m proportion to the body weight or perhaps to the body 


surface 

(c) The eh meal significance of ft ration of the urinari/ urea percentage 
or of n fall in th is percentage after guinij area It is interesting to observe 

1 1 .. i _ t AA<n« rtf nonliml ie fliA HOrPPntftCO Ulfl\ UCtllilln Iflll 


UfCa The blood urea was estimated on the subjects of some of these tests 
(Ini' 1 C2 CM and C 39) the blood urea was over 300 mg /0 . ln b 0 ’* 
and C 59 it was between 90 and 130 , m C 9 and C 10 it varied between GG 
and 77 and in 0 19 and G 57 it lay between 42 and 4S In only 1 tes - . 


was the blood urea definitely’ normal 
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The fixation of the urea % at a low level is usually accompanied by a 
fixation of the chloride percentage The urea fixation is partly explained 
by the fact that the blood urea is high and the addition of 15 g makes less 
proportional difference to the urea content of the blood In addition tho 
kidneys usually are working at or near their full functional capacity In 
many cases the kidney produces a urine with a similar osmotic pressure to 
that of blood the slight remaining power to raise tho concentration of urea 
in the unne above that in the plasma being associated with a fall m tho 
percentage unnary chloride below that in plasma 

It will be seen from Table 2 that 9/12 of these patients with fixation of 
the unnary urea % died, mostly within a few months of the date of performing 
the test In all but one of the patients who died the capacity to concentrate 
urea was impaired seriously In the 3 patients who improved the maximum 
urea percentage was above 2 in 2 cases and was 1 6 m the remaining case 


Section 3 The relationship between {he excretion of chloride and of urea tn the 
urine The talue of the expression C + ? , and an hypothesis which 
endeavours to explain the functional pathology of advanced chronic nephritis 

(a) The relationship between the percentages of urea and chloride in the 
urine In cases of Bnght’s disease it is observed very frequently that 
throughout a 5 hour test each increase or decrease in the concentration of 
mea is accompanied by a decrease or increase in the concentration of chloride 
On the other hand such inverse relationships between the urea and chloride 
percentages are uncommon in normal subjects 

, , 5* m 18 consecutlve samples collected in the course 

o tests C 9, C 10, and C 11 (Eig 9), which were performed on the same 
subject, every increase or decrease in the unnary urea percentage has 

by a decreaSS or mcrease the percentage chlonde, 

™ St 40 tte **>» <*•**• £ the percentage of 

d , , p ’ n 0 10 18 exactly the same as m C 9 except that a large 

iSST aT hM K ‘ TOd a shght M “ thB ™ chloride 

urea In 0 lfffll M ° ““ ' mmiy r ercente e e ol area fell alter gmng 

an almost coSfant “ teSt8 where the P^eitage maintains 

chlonde concentratlon throughout the test, it is usual for the 

and C *° te W “ “ 0 3 <** 12 >- 0 « U, 

whereas no difficult^ esce P tlon to t5u8 rule is C 27 It is evident that 
simultaneouslv the cone e ^ e ” ence ^, b y the nonnal kidney m increasmg 
conJdSSu ZmSL COncentra1aons and chlonde in the unne, a 

of mea *** chlonde 

illustrated in ffig ?«, 



146 


F II SMI UK 


Prom Fig 2 it will be seen that m Hie samples xxhere the maximum 
urea jicrccnlagc lias been reached, the chloride is almost always lower m 
patients with nephritis than m normal subjects having the same urea 
percentage The line drawn at 4.1° across Pig 2 practically divides the 
normals from the cases of Bright’s disease One normal alone seems to 
constitute a serious exception and desenes special mention The subject 
of this test was admitted for gastric ulcer , neither m the history nor m the 
physical examination was there anything to suggest renal disease and the 
patient was selected as a normal control The first urine sample passed on 
the morning of the test gn\c a cloud with sahcyl sulphonic acid which 
appeared on further examination to be due to mucin Xo albumen or 
globulin were detected in this wimple or in subsequent samples The 
abnormal response was probably explained by heaxy doses of alkali which the 
pitient was taking for her gastric condition It has been shown, (4), that 
the chloride excretion m the urine is depressed by heavy doses of sodium 
bicarbonate In support of this suggestion it may be mentioned that several 
of the “normals ’ lying near the border-line were gastroduodenal cases 
taking lic.t\y doses of alkali 
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{!») The wjnif trance of the a prelum (' + [ Prom the relationships 
between the chloride and urc i excretion m Pig 2, it can be shown that, 
where 1> is t Jit* maximum uroi pi rcentage and (’ is the clilorule concentration 
of tin* urine sample in winch this maximum urea percentage was attained 
(expressed m g NnCl pir 100 ( c urine) then the expression C + ? is 
greater than 2 m praetically all norm il subjects and less than 2 in practiealh 
all cast s of Bright’s disease TJie x nlues of this expression m all normal and 
nephritic subjects imestigntcd are represented m Pig 1 

In the xarious charts of indi\ ulual tests (Pigs 7-12) the scale used is 
Mich Unit the \ alue of this expression for any urine sample can be seen at a 
glance If the mid point is taken between the urea and chloride percentages 
and the* position of this point read oil on the xertical scale for urea, the 
figure obtained is the x alue of the expression 0 + £ 

.\s the ditoiidc and urea percentages tend to xary inversely in tests on 
eases of nephritis it follows that the xnlue of C + l _ is relatively unaltered 
m the course of these tests On the other hand in normal subjects the values 
of this expicssion are not only greater than the x alues obtained m patients 
with nophut is, but often they arc increased considerably after gtxung urea 
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The value of the expression C + ? m the course of the ordinary urea 
concentration test described appears to be the most accurato indication of 
the presence of mfld grades of renal damage 

It is of interest to note that as the molecular weights of urea and 
sodium chloride are practically equal, the osmotic pressure of the urine duo 
to urea and chloride will be equal to k (C + S) where k is a constant 

In 3 patients with no evidence of any renal lesion but where the clilondo 
content of the diet was known to he low the values of C -f 5 were all sub- 


normal, namely 1 68, 1 62, and 1 92 The first two of these subjects were 
receiving sodium bicarbonate as treatment for their gastric conditions, and 
this is liable to decrease further the urinary chloride excretion 

In patients with serious defects in the power to concentrate urea the 
osmotic pressure of the unne may be little or no greater than that of the 
blood , for although the unnary urea is greater than the blood urea it is 
found, almost invariably, that the urinary chloride is less than the plasma 
chlonde This is a very remarkable thing for the most severely damaged 
kidneys would appear theoretically to be performing more work in respect 
of the chlorides than do most normal kidneys The minimum work done is 
not to be confused, however, with the energy expended and it may be that 
the efficiency of the damaged kidney is greater when the degree of osmotic 
pressure difference between plasma and unne is diminished by a fall m the 
unnary chlonde percentage " 

(c) A theory concerning the functional pathology in cases of severe chrome 
nephritis where the capacity to concentrate urea is markedly impaired The 
following explanation is thought to be consistent with all and may explain 
some of the results desenbed in Sections 1, 2 and 3 

Let us suppose that somewhere inside the renal tubules the urea is 
concentrated locally, by the activity of the relatively healthy cells, to above 
the percentage of urea contained m the plasma 

It is of no account whether the concentration takes place by the re- 
abso^tion °f fluid from the glomerular filtrate or by the Lretion of urea 

S° i SS 7 be assumed ’ to ™ver, that the saline concentration of the 
g enilar filtrate is about the same as that of plasma ultra filtrate 

the total osmotic pressure of the tubular unne is therefore increased 
iom/ UggeS 6 W " ,hr 18 ^able to maintain tSs’moSar- 

nrTn^hi 6 ^ 011 beCanS ® ° f the P resence of damaged tubule cells which 

iSF 

water may continue unf.1 i “ ^ 8 rea:; > diffusion of 

urme are LualS ™ ^ ™ al 0smotlc P^sures of blood and tubular 

composition and the rate of ur^efor^hon ^ mdependence of the ™ne 
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Verne y (12), while gi\mg emphasis to the inherent difficulties of the 
jiroblcm, compered the polvnrin of advanced neplintis in which the 
amount of active tissue is reduced by disease, with the polyuria of kidneys 
m winch the amount of acti\c tissue lias been reduced by tissue extirpation 
or bv the ligature of vessels As a result of these procedures tho kidneys 
are mikI to secrete “ a more copious urine and one which approaches towards 
the plasma m its composition ” In regard to the chloride percentage, 
however, the composition of the urine in the polyuria of advanced nephritis 
never approaches but alway s recedes from that of the plasma The analogies 
which are also drawn between the urinarv composition m advanced 
nephritis with pohuria .1 ml the composition of urine from isolated kidneys 
poisoned with potassium cyanide or asphyxiated temporarily by occlusion 
of the renal art < ry or by a cissition of artificial respiration arc also misleading, 
for a similar reason 

It appears that the changes in tin urinary composition which result 
from the proeosse s of dis< ase differ widely from those observed in experimental 
it dm turn of the amount of active tissue m the kidney, and although m 
advanced nephritis many renal t ninth cells without doubt receive an madc- 
cpnte supply of blood, the effect upon urine composition is not very similar 
to that produeeel by asphyxia 

The hv pot bests of “ re dilution of the tubular urine by water diffusion ” 
explains the fall in the chloride percentage as well as the polvuria The 
thloridt dilution may be explained entire lv bv dilution, no work being done, 
upon the c blonde , or, the re may he in addition to this an active re-absorption 
of t blonde from the tubular urine lie -absorption of chloride w oulel increase 
the lire \ e one e »t rating eOicuney of the dam igul kidney for, by diminishing 
the osmotic pressure of the tubular urine and thus limiting the diffusion 
of water through damaged colls into the lumen of the tubule it would enable 
a higher percentage of urev to be maintained 

By e ill ulation from Hill’s formula (.*») it can be shown that the additional 
work clone in diminishing the percentage of chloride m the tubular unne 
below that in the plasma, is much lcs>, than the work done on the urea* 
wlmh, tie cording to this hypothesis, would lie ebssipnteil by the unresisted 
diffusion of water into the tubular urine 

It is Miggcstod also that diffusion of water into the tubular unne 
explains the inverse lelntioiiship between the percentages of chloride and 
ure i in the urine of ndvnnocil eises of nephritis For such diffusion will 
tend only to equalise tho mole culm -ionic concentrations in tho unne and 
plasma anil therefore an nu reuse or eleert'nse m the concentration of either 
constituent will l>o accompanied by n relative decrease or increase in the 
concentration of the other 


* M\ llmtil i ur< Itiiviliii to Proft-s-ors lViiium nml \ V 1 till for their kindness in discussing 
with me tin mh illation of tho minimum work done b\ tho kidnix 
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Again the hypothesis may explain why, despite the fact that the unne 
is already dilute in such cases, it is not possible to render it more dilute by 
water drinking , for, if by the activity of the relatively healthy tubule cells 
the tubular unne is rendered hypotonic, the diffusion of water back through 
the damaged cells into the blood would tend to maintain the total osmotic 
pressure of the unne at about that of the blood 

It is not considered, however, that diffusion of water into and out of the 
tubular unne is the only factor which influences the changes m the composition 
and flow of unne which could be explained m terms of this hypothesis 


Seclron 4 The effect of administering 3 grams of potassium chloride and 
13 grams of urea to normal subjects and to patients icith nephritis 


The test with urea alone, but including the estimation of chlondes as 
well as urea in the unne, has been found to be a most sensitive biochemical 
test for the presence of mild grades of functional damage to the kidneys 
It is important, however, that the subject of the test should not have been 
on a diet poor m salt, otherwise abnormal responses may be obtained in 
normal subjects 

The object of the test described in this section is not to improve the 
selectivity so much as to simplify arrangement and to enable the same 
information to be obtained by the analysis of fewer unne samples, while 
reducing the difficulties caused by diets poor m salt 

The results were obtained by administering instead of urea a mixture 
containing both potassium chlonde and urea 


Standard routine The subjects of this test are deprived of fluid over- 
night and are given a breakfast consisting of one egg, one slice of toast or 
bread with butter, and six ounces of milk or water but not tea Two hours 
I ter the bladder is emptied and a mixture of 3 g of potassium chlonde 
and 13 g of urea dissolved m ICO c c of water are taken by mouth The 
pa lent next empties the bladder two hours after taking the mixture and 
h0nr , after tlus The volumes of unne passed are measured and 
to on page 133 d ^ percentages estimated by the methods already referred 


On Ite , res * lts obtained are summarised bnefly m Eigs 5 and 6 

Sie hLht of "o ° f rf S6parate test 18 ^Presented by a single point 

centaSchfo^! % base ^ represents the per 

the JL. n d ttamed m tie two samples of unne and the distance alone 

three hour samS^nf 1 * 8 ^ ^ amount of chIoride excreted in the whole 
t>_ , ,, , mp e once It will be seen that m only 5/22 patients with 

2 of these'thfO ^ ^ cIUonde concentration nse as high as 0 8% and m 
the urmar^nijtr.^ . con centration appears to be attamedlt the expense “f 
o S 0/ were rprr^ i j 5 P atien ts with chlonde concentrations over 
patients ^ ZTZJf ? » must 156 remembered, however, that Z 

P mtis chlonde concentrations over 0 8 were obtained 
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with grcntcr frequency by Pc \ Vessel ow' (1026) when 4 g of potassium chloride 
was given nlonc nnd t ho patient deprived of water 

On Fig 6 the ordinates represent the maximum urinary urea percentage 
at turned during the lest and the ahscissrc represent the total urea excreted 
m the 3 hour sample It will he seen that in practically all cases where the 
urea percentage of a patient with Bright’s disease is alune 2, it appears to he 
because the urinary output is low nnd m consequence the total urea excreted 
is, m stub easts, Uss than in normal subjects with the same urea 
content rat ions 



U 1 . 1 < 0I2345C7K 


Tu al iK’of . !<■ output to 3 tu or tr-it (». ' at,0 Tu*Jl ufc i uutput In tbc l hour te<t (v urea) 

1 IV 1 I it, <• 

I ii* S Tin iimMtntimt hJorulo |w ri. iit.it,. ntul tin* ti>tnl ( Jil»ml. i m n<t«oiuu ucirinnt niul nojilmtte 
t*> follow tin ili. mlinitu itrntum of 11 (.mini of »m«» m»l I pinn of jiotn^wnim chloride 

1 i I, lh. iimMinuui ur< t |» r. . ntiu,o nt«l tin total titirt ixifition in iionnnl tincl iu|<hntu. 

Milij. < in follow inv tlio luliuintntrntinn of 11 vnuiu of non niut 1 vnuin ot juitiv-mim t blonde 

It is, tin rt fore, t\u!cn( that under similar experimental conditions 
prm tttully all pitunts with nephritis tin he distinguished from normal 
subjetts eit lit r by thur urt i or by tluir chloride excretions In addition 
tlu it suits proMtlt t onhnnntion of the conclusion leached m Section 1 
that the inability of pntunts with Bright’s disease to produce percentages 
of Mithum chloride abo\e 0 s, m the urine under these conditions is not due 
to a alight and unrec ogntsetl deficiency of salt 

The Milne of the expression 0 + \ (U — the maximum urea % and 
(’ — the JCnd concentration m the urine sample where the maximum urea 
concentration was obtained, both concentrations being expressed in g per 
100 ec) edTcets a similar separation between normals and patients with 
nephutis to that described in Section 36 and illustrated in lug 4 The 
it suit of one normal tost is discounted because of the unusually Inrgc diuresis 
Again the last reputation between normals anil patients with nephritis 
liaa lit cn c Betted by the use of C + V But where chlorido is given in 
addition to urea there me 3/20 nephuttc cases where the inlue of C + s is 
mer 2 A Milne of 2 oi moi e was only obtained, howeior, in ury mild 
onsos It is to he expected that the damage to lenal function m mild focal 
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nephritis may occasionally he so slight as to canse no change which can he 
detected by biochemical tests 

Erom these results it would appear that this form of test supplies most 
of the information to be gamed by the test described m Section 1, which 
requires the analysis of a larger number of urme samples In a small number 
of cases, however, the diuretic action of the potassium has been so great that 
the urea concentration has only just attained 2% and in 2 instances has 
been just below 2% This, however, does not give rise to any difficulty 
in deciding whether the renal function is normal or abnormal provided the 
urme volumes are taken into account When the rate of urme formation 
is no greater than 100 c c per hour a urea percentage of 2 should be attained 
by all normal subjects 

The modified test appears, therefore, to be almost as satisfactory as the 
first test described in which urea alone is administered and is very easily 
earned out with even less trouble to the patient than the routine adopted 
for the urea concentration test 

The first test using urea alone is rather more sensitive to slight renal 
damage , this test using urea and chlonde is less liable to give a slightly 
abnormal response on a normal subject 

As the urea and chlonde normally account for most of the solids m the 
urme, the maximum specific gravity of the urme attained a few hours after 
giving urea will be a rough indication of the presence or absence of renal 
disease 

The specific gravity is much more closely related to the quantity 
C + - than would be supposed at first, for the specific gravity does not 
merely depend upon the concentration but upon the nature of the dissolved 
constituents 

The following figures are given by Albarran (1905) (1) At 15°C an 
increase in the specific gravity of 0 001 is caused by the addition to 1 litre 
of unne of 


1 473 g of sodium chloride 
3 595 g of urea 

2 700 g of glucose 

3 892 g of albumen 


In its effect upon the specific gravity, the total osmotic pressure and the 
reezing point depression of urme, salt is about twice as potent as urea, 
nat any of these should be an approximate mdex of changes mC + ? 

onn j! 10 P resenc T e of oth er physiological constituents, and of pathological 

specific ZL SUC V S R bU f 6n and g lucose > “ake the changes m the 
l J f J™ 6 after ^“8 (or urea and chlonde) less reliable 

specific j!nf° "W f adCS , ° f renal ^“age ^ order to make use of the 

an d t0 cSV if ? 18 ° f C0UrSe necessar y to accurate hydrometers 
ana to correct for the temperature of the unne 
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Section 5 Urea and chloride excretion in early renal lemon* m diseases oilier 

Ilian simple nephritis 

In Sections 1 to '1 it 1ms been shown that in diffuse nephritis, however 
mikl, n defect in the manner of excreting urea or chloride can be demonstrated 
by the tests described It would be of great practical value if such a test 
could be used as an indication of -eery slight and early renal damage m the 
course of other diseases when their complication by nephritis may be expected 
For this reason cases of hypertension, infective endocarditis, slight prostatic 
obstruction, and diabetes mclhtus with albuminuria etc , were studied m 
the hope of finding some abnormalities m the urea and chloride excretion 
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Tinir in l nun aftrr ctwnc urea 
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Tinii. in hn in alter Mting urea 
In, s 01> < nation \ -0 Xormnl 


J , in 7 U Tin i ft.- t nf mi n wlimiiiitrntitm «|mn tin jh rm ul »m v ntul tlilorulo m tlio 

tirdii niiit tin’ ri't*’ »f utmc fnriuiitnni Hit l 1 ttui\ tuul on tlu> ‘sale for 

uri i jm ri < iitnjii-i 


wbith might he the result of t niy renal disorder The result^ to be quoted 
in hrn Comprise l(it<sfson:H»pitients Tho\ suggest that the ahnoi nudities 
in the oxen turn of chloride which often make their appearance before other 
eudciue of renal damage is found, do in fait, induatc early renal lesions 
Hut although the oudentc so far points in tins direction the results me to be 
ii guide <1 as puhmumn and recpining further imcstigation except mregarc 
to tin one point whub concerns this pipei 

{a) Cases of arterial hypertension Hix eases with Jnpertenston and 
Seasis with In pc rleiision and heart failuicwith congestion June been studicc 
Six of the cases iccened 15 g of men, and 2 cases weie gnen the urea and 
chloride mixtuie In the cases without heart failure In pci tension was 
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discovered in the course of a routine examination and the patients were 
without symptoms referable to the raised blood pressure The systolic 
blood pressure was above 170 mm of mercury m all cases, but as judged by 
the urea concentration test, their renal function was good, Case B 5 being 
only an apparent exception because the relatively low urinary urea concentra- 
tion was the result of a laTge diuresis 

In 4/6 hypertensive cases the chloride concentration was well below the 
usual normal level and in only one test was the renal function clearly normal 
as judged by this test In the 2 cases of hypertension with heart failure of 
the congestive type, the chloride concentration was also low It must be 
emphasised at this stage that heart failure with congestion may also reduce 
the unnary output and may reduce the chloride percentage in the unne 
In the author’s view, the functional derangement of the kidney resulting 
from heart failure with congestion is often as great as in many cases of 
nephritis In 6/8 cases the value of the expression C + ? was less than the 
minimum normal value of 2 


(6) Cases of infedite endocarditis Bight cases of infective endocarditis 
have been studied One of them developed clinical nephritis with oedema 
while under observation The remaining 7 are described below 

3/7 of these, while showing no clinical evidence of nephritis had unnary 
urea concentrations of 1 15, 1 75, and 1 0% and the chlonde excretion m all 
was defective The urea was well concentrated m the remaining 4 but m 
2 of these the expression C 5 was below 2, it was within normal limits 
(just over 2) m the remaining 2 cases 

Caution must be exercised in interpreting defects in the chlonde excretion 
as evidence of defective renal function m cases of infective endocarditis 
because the percentage urinary chlonde and rate of chlonde excretion are 
known to be diminished m cases where the body temperature has recently 
been above normal This is illustrated in the following cases — 


n crms tn ‘Pneumonia Only two cases were investigated 

oth of these had a trace of albumen and casts m the unne for several days 
atter the temperature had returned to normal In two successive tests on S 
the chlonde concentrations were 0 64 and 0 79 The expression C 4 - £ 
was above 2 m both cases M , however, had many more casts in the unne ' 
and the urmary chlorides were 0 04, 0 46, and 0 86% in 3 successive tests 
ZT ® Spr f SS1011 C + ? "as It is usually supposed that 

subn^7 ? Pneiini0ma 18 iOTV beca use the plasma chlonde is 

But “ tlU8 Case the P lasma chlonde was raised at the time 
rhen the urmary chlonde was low and it decreased during the next few days 

was 0 , mcreasmg The value of the Pi asnia chlonde 

nlasma Z tha \ the binary chlonde was 0 04 This increase m 
0r ; d ° ,r s ”°‘ tb ° °" “ diminution m the plaema protein 

rood™ ‘a “ tll,s "*• no™ 11 ! The chemical determinations were 

confirmed with particular care and there war no queation of methoS 
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error Such a result suggests that the chloride retention in pneumonia may 
result sometimes from renal as well ns from extra-renal causes 
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(d) Cases of pernicious anosmia Three cnses were studied The 
results were in nil respects normal In the two cases where it was tested, 
the urrne was quite free from albumen 

(e) Cases of diabetes mellitus with slight albuminuria Five cases were 
studied Two patients were passing no sugar in the urine and gave results 
which were quite normal Three cnses were passing between 2 and 3% sugar 
in all samples In these cases the chloride concentration was low and the 
expression C + ? was under 2 The plasma chloride and blood sugar were 
estimated and it was found that in any single case there was an inverse 
relationship between them It seemed as though the osmotic pressure of the 
blood was maintained at its normal value by a temporary diminution in the 
plasma chloride compensating for the hyperglycrcmia This fall m the 
plasma chlonde may explam the low urinary chloride Alternatively it 
may be that the kidneys reduce the osmotic resistance of the secreted anno 
by passing out less chlonde whenever the additional work of concentrating 
sugar is to be performed 

(/) Cases of mild proslaiic obstruction Three cnses were studied The 
urea concentration was above 2% m all, but the expression C + S was below 
2 m one case and at the lowest limit of normal in the remaimng 2 

(?) Cases of albuminuria but no other evidence of any renal lesion Four 
cases were taken, all well past the years of adolescence All cases had urea 
concentrations of over 2% The blood pressure m all was normal, and 3/4 
tests showed no functional abnormality In the remaimng case the chloride 
concentration was low and the expression C + ?? was below 2 

(h) Cases with various renal conditions likely to influence the renal function 
Jn a case of unilateral renal calculus the function of the kidneys as inferred 
om the results of the test was normal In a case of hydronephrosis the 
expression C + T was under 2 In A H the case referred to in Section 2 (6), 
the unnary urea concentrations were I 5 and 1 1 and the chlonde concentra- 
ions were 0 37 and 0 81 m successive tests The renal function was 
xce en y maintained by means of a large compensatory diuresis The 
agnosis was not certain, but most probably there was present a congemtal 
eyBtic condition of the kidneys 8 

of 0 4 ™™ S ® cfaons 3 and 4 does not appear to matter whether the value 
. , , f 18 determined m tests where urea is given alone or in combination 
1 chlonde In each case with few exceptions the normal value is 2 or 
more, the abnormal under 2 


Summary of Section 1 

hno i! e ® ect giving 15 g of urea by mouth upon the unnary chlondes 
een investigated m normal subjects and patients with nephntis 

chloral *h St D n ° rmal subjects under stated conditions attain a unnary 
1 e 0 0 8 ( as NaC I). or more, either in the early morning sample passed 
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before taking urea, or during the 4 or 6 hours after urea administration 
Under similar dietetic conditions the urine of patients with nephritis rarely 
attains a chloride percentage of 0 8 

3 Both in normal subjects and patients with nephritis the administra- 
tion of 15 g of urea increases for a few hours the rate of chloride excretion 
In general, greater increases are obtained m normals than in patients with 
nephritis even when they start with the same rates of chloride excretion 
before urea is given 

4 Similarly, greater increases m the percentage of urrnary chloride 
are obtained m normals than m patients with nephritis even when they 
start with the same chloride percentage before urea is given 

5 Both in normals and m patients with nephritis the plasma chloride 
is only slightly changed by giving 15 g of urea in 100 c c of water, and 
whereas the plasma chloride tends if anything to fall, the percentage urrnary 
chloride and the rate of chloride excretion is generally raised For equal 
percentages of the plasma chloride the normal subjects have as a rule higher 
urinary chloride percentages than have patients with nephritis 

0 From these observations it is concluded that the increased chlonde 
excretion after giving urea is not caused by the mobilisation of extra chlonde 
into the blood Also that tho relatively small chlonde excretion in nephntis 
without oedema is not the result of a diminution m tho plasma chlonde 
below the normal value, and most probably is of renal not extra-renal ongin 

Summary of Seclton 2 

1 The maximum urea percentage m tho unno is most commonly 
encountered m tho 4th or 5th hour nftcr giving urea, and many patients 
with nephritis do not attain a percentage of 2 until the 4th or 6th hour 
Tho tinio relations of tho ordinary clinical area concentration tests are, 
therefore, important 

2 In nephritis patients with a maximum urrnary urea concentration 
of over 2 % it is of interest to note that only m 8 out of 20 cases does the urme 
attain a urea concentration of 2 5 or more whereas m normal subjects a 
percentage of 2 5 was attained in 29 out of 32 tests Again m these patients 
a urinary chloride concentration of 0 8 or more is attained m only 2 out o 
24 as contrasted with 22 out of 33 m normal subjects 

3 In nephritis patients ns contrasted with normal subjects a high 
urea percentage is usually nttainod at tho expense of tho urinary output 
and if tho maximum urea percentages and tho corresponding rates of urine 
formation are considered together a much moro complote separation be ween 
mild cases of nephritis and normal subjects may bo made, than by using 
only the urea percentage. 
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4 The total amount of urea excreted m the 4 or 5 hours after giving 
urea is of value in that it indicates whether urea retention would be likely 
to occur with much protein m the diet 

5 Fixation of the urea percentage at a low level (say 0 9 to 1 2) is 
usually but not always an indication of bad prognosis A case is quoted 
where a patient had a fixed urea percentage of about 1 for 7 years, felt well, 
even played football, and shows no signs of progressing damage 


Summary of Section 3 

1 During the 4 or 5 hours following the administration of 15 g of 
urea in 100 c c of water it is observed that in patients with nephritis the 
rises in the urinary urea percentage aTe frequently accompamed by falls 
in the chloride percentage Similarly when the urea percentage falls the 
chlonde percentage tends to increase In these patients it is rare for high 
concentrations of urea and chlonde to be attained in the same urrne sample 

2 In normal individuals this inverse relationship between the urea 
and chlonde percentages is uncommon, and high concentrations of urea and 
chlonde are often encountered together 

3 If m tests on normal subjects and patients with neplintis we select 
the urine samples m which the maximum urea percentages are attained, and 
then compare, m the two groups, those urrne samples with the same urea 
percentages, it will be found that the chlonde percentages attamed in those 
samples are almost mvanably less in nephntis than m health 

4 If U = the maximum urea % m a 4 or 5 hour test C = the chlonde 
% (as NaCl) m the urrne sample where this concentration was obtained, 
then the expression C + 5 is greater than 2 in practically all normal subjects 
provided that the diet has not been very poor m chlonde, and less than 2 
in practically all cases of nephntis, however mild 


5 A diet very poor in chlondes will reduce the maximum chlonde 
percentage, however, and may even reduce the value of C + ? to below 2 

,, m patients *>th severe nephntis and inability to concentrate urea 
tlie chlonde percentage m the urrne is at all times less than that m the blood 
Ai hough the urea percentage m the unne is greater than that m plasma 
the unnary chlonde is so much below the plasma chlonde that the osmotic 
0t t 5® U3 ? De due t0 ,nea and chlonde is about the same as the osmotic 
Lv M* thC plasma due to these Wo substances It is probable that the 
on e concentration allows urea to be concentrated with less difficulty 


Summary of Section 4 

of oL J he eff t C , t U ?° n the ™ e composition of giving 13 g of urea and 3 g 

nenW h r ChIOI ?\ by mtmtl1 to normal s ^cts a * d P^ents with 
nephntis has formed the basis of a practical test of renal function 
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2 Most normnl subjects under these conditions attain a urinary urea 
percentage of 2 or more and a chloride percentage of 0 8 (as NaCl) whereas 
most patients with nephritis fail to attain a chlondc percentage of 0 8 

3 The observations made m items 3 and 4 of the summary of Section 3 
apply equally to this investigation 

4 The total urea excretion during the 3 hour test is less m patients 
with nephritis than m normal subjects with the same maximum urea 
concentration It appears, therefore, that m nephritis a urea concentration 
of 2% or more is usually attained at the expense of the urine output 

Svtttttiart/ of Scclton 5 

1 The tests described in Sections 1 to 4 have been applied to cases of 
(a) arterial hj pcrtcnsion, (b) infective endocarditis, (c) pneumonia after the 
crisis, (d) pernicious nn'vnun, (c) diabetes mellitus with albuminuria, {/) 
mild prostatic obstruction, (g) albuminuria without other evidence of a 
renal lesion, and (7i) various conditions likely to influence renal function 

2 It lias been shown that m mam of these patients a functional 
abnormality is revealed by the application of the above tests 

3 This is taken to indicate that the chloride excretory function of the 
hidncv s is modified by \ cry slight renal defects and by damage even of a 
temporary nature 

Gi-mhal Summary 

1 A study lias been made of the excretion of urea and chloride m the 
urine of healthy subjects and of patients with diffuse renal disease Based 
uiion these observations are described two sensitive tests of renal function 
which depend on the analysis of urine samples only 

2 A hypothesis involving the diffusion of water from blood through 
the walls of damaged tubules Jins been suggested, and this appears to explain 
tjic composition of tlie urine in eases of advanced chronic nephritis 
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BLOOD-PRESSURE OBSERVATIONS WITH A NEW TYPE OF 

OSCILLOMETER 


o 


By GEORGE MACFEAT WISHART 
( From the Institute of Physiology, Untierstly of Glasgow ) 


A beasoj? for adding another to the multitude of existing apparatus for 
determining the blood-pressure by oscillometnc methods is that in the 
instrument here described the sensitivity can he increased almost indefinitely 
Furthermore, readings can be taken (1) from any point of the body to which 
a pneumatic cuff can be applied , (2) with a rapidity very little less than 
that of the auscultatory method , and (3) with much greater certainty 
than by auscultation On the other hand, no permanent record is obtained, 
hut this is largely compensated by the rapidity with which readings can be 
made The instrument is an application of the principle of Whiddmgton’s 
ultramicrometer (15), a principle remarkably little employed in physiological 
apparatus, to the measurement of the amplitude of the oscillations 
transmitted from the air-cuff 


Description of apparatus 

A A and f) two oscillating valve circuits coupled together at X. 

° 3ClUator - » arranged for leaky grid rectification and has a loud speaker 
either directly m its anode lead or through a single stage of low frequency amplification 
h3£Z f os “^ tors he within limits by the ^ anable condensers L and SI 

m i of CW ?i lt B 13 also controlled bv a special condenser N (to he described later), 
VSZSlZT&Zr th0 magmtUd6 ° f thB air poises ^ transmitted from £ 

smaD ™r/nn 1^2 circuits are m resonance, no sound is heard from the loud speaker , over a 
SS Sf."* ° f the *! son “ t ^ 811 audlbl ® heat note is produced which rises m 

P bat ? W the separation of the frequency of the two circuits increases 

and is lo^i^°m°nUe>f ^ ** * Dd M 60 tbat tha h® at no < e a high pitched with N at rest, 
of mo “S p,d6es received at each pulse beat The greater the amphtude 
reached WaU * 0,8 F eater 1116 capacity change at N andthe lower the note 

of » svst °hc pressure is signalled by the shght ghssandi at each pulse (due to the impact 

bv thTpomt at w2£h °/i, the arnJet ) becoming suddenly greater in range, and the diastolic 
note SK “g* P ltct variation has been reached, the lowest 

vaimtoM^uMiitch*^ 110 ° SWUatl0I1S ° £ 811 Uood - 

and di^X^mtr«n^a^^^ Ve ' in® ***! of pltch between systolic 

critical reaKwtS "5*? 1 ■ It «W ** set ^ of L and M Much more 

has been passed bv sensitive and, after the systolic point 

circuit fT 863 b I m8nUal ° f L 8 ° 83 I"* to keepthe 

After ven Uttle^rtTr^ +V^fL5f dlasto110 P° mt « approached, when condenser L is left set 
m case o? doubt ^^wSi^Tn^rf 0pera £,° n « ad “K can readily be repeated 

bos to prevent rad.ahon ^ of ^ apparatus 18 enclosed withm a metal lined earthed 
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(b) Construction of condcn^crS A short length of brass tubo A (Pig 2) is inserted through n 
rubber bung, nnd one ond compressed to olbpiicn! 6hapo Across tho major axis of the ellipse 
ih fixed n flat picco of cbomto, 13, shaped to a suitnblo curxo nt its upper ond, and of insufficient 
thickness to fill coinpleteh the elliptical opening Cher tlio cbomto from abovo downwards is 
rolled an liidinrubbor fingerstall, t, its open end fitting snugh o\er tlio outer surfneo of the 
elliptical end of tlio brass tubo A U shaped pieco of \er\ thin tinfoil is tlion fixed to the outer 
surfaco of the stall until rubber solution so that tho tuo limbs of tlio TJ ho, ono on each side of tho 
flattened stall nnd the base of tho U pnrth encircles tho portion of tho stall on tho brass tubo 
A fine insulated uiro connection hn\ing licon soldered to a small pioco of tlnn copper foil, this 
foil is lnul on tho base of the U of tho tinfoil, nnd a narrow width of insulating tnpo wound tiglitlj 
around the bnso of the stall win ro it fits tlio brass In this wnj , n sntisfactorj electrical connection 
to tho tinfoil nnd nn airtight junction between brass tubo nnd Btall nro simultaneouslx socurcd 
Tho other end of tho connecting w in is soldered to n stouter wiro ulucli passes nir tight tlirough 

t,IC TIicm-oc ond electrode of tho <ondcti«cr is formed b\ tuo modcrntch rigid niotnl plates, D, 
fixed to the liriivs tulio at their louer ends nnd hn\mg nt their upper ends holes through which 
passes n small bolt and nut The inner surfm os of tho two plates nro coxcrcd with waxed paper 
cuul b\ adjust me tlio lwlt nnd nut, the plates urn lie brought into xerx close nppropmntion to 
tho tinfoil lined fingir stall hlcetncnl connection to these plates is corn omen th obtained be a 
u ire soldered to tho lou or end of the brass tulio 
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inivnomotcr , nnd (1) uitli the armlet dlomotcr of the l’aclion tvpe m ulucli 

The arrangement ns so far des« rilicsl « oiistitutc i fmcer stall membrane 

slou changes ot press uro in thosxstcMn nrocqunhvecV on t pu Ko\\axes nn/trnnsmitted mamlv 

r.Kir sssir stcSjt .‘srssssi — l «*— >— » •*— » d 

,,no, w m . ../*». " 

ktt ''rnsAmls;*.™' r l AirSo,, »»•* *■"*“ 

m tho pit< li of tlio lx at note ulucli nro xcrv confusing lro R j,„u dimmish bx equal 

I3\ adopting the (lotted lino parts of th ® S°untd A is ju>t short 

portions, and bj dim..., slung tlio max be obtained in the 

of oscillation, a x mini indication of tlio of 1 1 ^ P B „ then acting ns a small 

range of tho » fluks of tho needle of n >«™tv ^ ou the motor is similar to 

SKii oscillometer ^fttt^on. the auS.ton arrangement is preferable 
nnd all tho data hero recorded lmxo been so obtained 
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and the slight differential pressure which, owing to the constriction between the air spaces 
connected with the inside and outside of the rubber membrane, must exist between them, is 
relatively large at high pressures and relatively low at low pressures There would thus be a 
slight change in the position of the membrane relative to the plates, as the pressure fell from above 
svstolic to zero, and, as a result, the pitch of the beat note would drift dunng the observation 
It is absolutely essential to eliminate this drift, otherwise erroneous readings will be obtained 

For this purpose, a combination of two methods was adopted First, the capillary 
constriction between the extenor and interior of the rubber membrane is divided into two portions, 
E and F, and the leak is taken from a point between them The lengths of E and F are then 
adjusted so that the “ pull ” of the leaking air is exerted equally on the external and internal 
surfaces of the membrane Secondly, the leaking air is allowed to escape through a mercury 
column whose height vanes with the pressure m the whole system The arrangement is shown 
in the nght hand portion of Fig 2 

A T junction from a point between capillaries E and F leads (1) to the inflating bulb, G, 
thence (2) to a bottle H, acting as an air reservoir, and (3) to a second bottle, J J is partially 
filled with mercury and, m addition to the air-entry tube, has a wide bore glass tube, K, at least 
300 mm long, extending almost to the bottom of the bottle The air -exit for reservoir H is led 



Fig 2 


bv rubber tubing to a narrow glass tube L, which extends down into the tube K to a pomt a few 
millimetres above the mercury surface at zero pressure When the pressure in the system is 
raised, the pressure causing air to leak through L is equal to the pressure m the system less the 
height of the mercury column m K above the exit of L Since the mercury column in K falls 
with the fall m pressure m the whole system, the leak pressure remains constant until the mercury 
descends below the exit of h Capillary II and reservoir H damp oscillations produced by the 
bubbling of the air through the mercury m K 

With this arrangement, drift of the beat note can be avoided down to a pressure of 20 mm 
or a little less The efficient working of the arrangement, and the absence of adventitious leaks 
in the system, are tested for from time to time bv fixing the armlet on a rigid cylinder of convenient 
diameter, inflating to 250 mm , and observing the constancy of the beat note as the pressure 
falls to zero 


EXEEBBIENTAL OBSERVATIONS 

Since the special features of the oscillometer are its sensitivity and its 
adaptability to any region of the body where a pneumatic cuff may be 
attached, observations were made on the following points — (1) the relation 
of the systolic and diastolic pressures as given by the present oscillometer 
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to those obtained by tlio auscultatory method , (2) the relation of the 

pressures obtained at different levels above and below the heart to 
hydrostatic pressure , and (3) the pressures m the smaller artencs for which 
an ordinary oscillometer is insufficiently sensitive 

Fnc subjects of wndclv different age were used —A, male, 27 jts 
B, male, 37 yrs , C, female, 3S jts , D, female, GO yrs , and E, female child! 
G Ars All wore m good health 

TJie procedure is as follow s A broad rubber cuff, long enough to 
complcteh encircle the arm, and surrounded by an unyielding cover of 
webbing proMdcd with straps and buckles, is used ns armlet After 
this is adjusted and connected to the oscillometer, condenser M is set at 
minimum, and condenser 3, rotated until a high-pitched beat-note is heard 
m the loud-speaker Inflation is then earned out to a point about 30 mm 
nbo\e tlie s\stolic pressure m order to gt\e time for the pressures 
throughout the sjstcm to stabilise and for the automatic leak to become 
regular During this period L is readjusted if ncce^arj so that the slight 
oscillations caused bv the impact of the blood on the upper border of the 
cuff just audibly depress the high pitch of the note 

As the sWolio pressure is passed, there is a rnpiel and progressive 
lowering of the note at each pulse-bent The highest pressure at which 
this progressive lowering of the note is detected is recorded as the systohe 
pressure With further fall of pressure, the glissandi of pitch increase m 
range and, if L is left untouched, the oscillating circuits will, at each pulse, 
pass through resonance and a second change m pitch, which rises with 
increasing amplitude, will succeed the falling one This double change is 
confusing and is n\oidcd bj altering L, after the systolic reading has been 
made, so as to keep the circuits just short of resonance 

The approach of the diastolic level is heralded by the range of the 
pitch "variation becoming constant , at this point L is left set and the first 
rise in the lowest note reached at each pulse carefully listened for This 
rise, winch is vers sharply marked — much more so than the systolic — is 
taken as the diastolic index 

The results icportcd m all the following tables are the averages of a 
number of consecutive obsci vat ions m each case Except m a few instances, 
where greater accuracy w r as desirable, averages aro given to the nearest 
mm Hg 

A Relation of results to usual systohe and diastolic criteria 

In adopting the above method, the criterion for sjstolic pressure is the 
beginning of the marked progressive increase in the oscillations , and the 
diastolic criterion tlio point at which oscillations, having become maximal, 
first begin to dimmish With the original comparatively insensitive 
oscillographs, the fiist appearance of any oscillations was taken as the 
systolic index As the sensitivity of apparatus was improved sufficiently 
to record the oscillations produced by the impact of blood on the armlet 
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before penetration, the accepted criterion became the point at which these 
impact oscillations increased m magnitude Erlanger (5), suggested that, 
as this increase was frequently not at all sudden, a better index was the 
broadening of the base of the wave recorded on the oscillograph, a broadening 
due to the longer time necessary for the armlet and recording system to 
recover when blood, which had penetrated, had to be squeezed out from 
below the cuff, than when the recording system had to recover merely from 
the shock of impact It is generally accepted that this phenomenon is 
synchronous with the first appearance of Korotkow sounds In a later 
paper Erlanger (6) stated, however, that “ under all circumstances a sudden 
increase or decrease of amphtude, if present, indicates accurately the systolic 
and diastolic pressures ” This sudden increase we have rarely failed to 
obtain during any observation and, where it has failed, a single repetition 
of the observation has sufficed to give a readable index 

A comparison with the Korotkow sounds shows that this index of marked 
amphtude increase, as detected by the present oscillometer, gives slightly 
higher results (average + 4 mm ) than the auscultatory method, (Table I) 


TABLE L 


Subject 

Aver syst press 

OsciQ Auscult 

Differences 

A 

109 5 

105 

+ 45 

C 

127 3 

124 

J- 33 


127 

124 7 

t 2 3 

D 

114 

10S 

+ 60 


122 

118 7 

+ 33 

Aver -“-39 


Systolic pressures as so recorded, though higher than those obtained 
by auscultation, are undoubtedly closer approximations to the true intra- 
arterial systolic pressure Penetration through the cuff of the pulse-wave, 
as Erlanger (7) showed, is a relatively gradual occurrence, taking place over 
a range of several millim etres of falling external pressure The true systolic 
pressure must he m the zone of the partial penetrations since such partial 
penetrations must, to some extent, inhibit their own passage by momentarily 
raising the cuff pressure above the value existing when the wave enters the 
cuff Because of the gradual penetration, Erlanger (7) estimates that any 
index, such as the auscultatory one or the broadening wave base, which 
depends on complete penetration, must give results at least 8 mm Hg too 
low, and, in the same publication, he favours in theory the mdex of suddenly 
increasing amphtude, though its frequent lack of definition in the usual 
oscillographic tracing has made it of little practical value 
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Certain observations on tho peripheral palpation index of systolic 
pressure mai be referred to here It is generally accepted that the palpation 
of the pulse peripheral to the cuff yields lover results for the systolic pressure 
than the auscultatory method , comparisons show a difference of 5 to 13 mm 
m fa\our of the latter A feu experiments uith subject A uerc carried out 
in which the brachial systolic determined by auscultation was compared with 
the results obtained when the first radial pulsation, detectable by our 
oscillometer m its most sensitive condition, was used as index This 
comparison go%c, on n-vernge, a systolic pressure nclually higher by 2 3 mm 
than the auscultatory method It is thus possible, given a sufficiently 
sensitnc recorder, to show that the pulse-ua\e docs penetrate the cuff at, 
or slightly nbo\c, the appearance of the first sound This lends further 
support to the mow that the oscillographic criterion adopted above of the 
tuM marked rise m amplitude, which, in tho same subject is 2 2 mm higher 
still, is a shghtly nearer approach to the true systolic pressure than cither 
the first sound oi tho criterion of the broadening wavc-base 

The diastolic criterion which must necessarily* be adopted with the 
present apparatus is that of the beginning of abrupt diminution in amplitude 
It is now generally accepted that the true diastolic pressure falls within tins 
diminution /one rather than at the maximal oscillation point, though some 
difference of opinion exists as to precisely which point m the diminution 
7 onc is the correct index Me Vi ilham and Melvin’s (12) criterion is the 
point “just after” abrupt diminution in amplitude has occurred while 
Erlangcr (7) would place the chastohe at a somewhat higher pressure where 
tho accelerating decrease m amplitude changes to a retarding decrease’ 
Our diastolic index might ho very shghtly higher than even Erlanger’s , 
on the other Jmnd, we have found good agreement between our criterion 
and the fourth phase of the Korotkov sounds, winch is now very generally 
accepted as a reliable indication of tho diastolic pressure (Table II) 


TABLE II 


Subject 

Ater dmst prc"< 

1 O’ull Auseult 

Difference 

A 

1 ! 

70 5 

72 

— 1 5 

C 

S3 

S5 5 

SO 

— 1 5 
+ 30 

1 ) 

7° 1 

73 

— 10 

iii) 1 

70 

+ 13 




( V\ er 4- 0 06 






The method of dctei mining tho diastolic pressiue by tne ampmmue w. 
oscillation peripheral to the cull uas investigated Tho oscillometer armlet 
“as “need around the nt and inflated just sufficiently to record A 
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second cnff connected to a manometer was then placed aronnd the arm and 
slowly inflated until the first diminution of the size of the radial pulse was 
heard While such results as were obtained did not conform to the experience 
of others m giving unduly high diastolic values, the changes were poorly 
marked and the method was not pursued 

B Systolic and diastolic pressures m relation to level and posture 
L Hill and co-workers (10) investigated the systolic blood-pressure at 
different parts of the body m different postures and found that, m the 
horizontal position, the pressures were identical in arm and leg in normal 
subjects, but that in subjects with arteriosclerosis the leg pressures were 
higher, a fact which they attributed to the better conduction of the systolic 
wave by the more rigid arteriosclerotic vessel In normal subjects placed 
m postures other than horizontal, the systolic pressure taken at any two 
points differed exactly by the hydrostatic pressure of the column of blood 
between them Ko observations of diastolic pressure were made by Hill 
and his associates, but it might very reasonably be expected that the diastolic 
pressures at different pomts above and below heart level would depend 
even more rigorously on the effect of gravity 

3STow it is quite possible for a six:-foot man to assume an L-position, 
with thighs and legs flexed at right angles to the body, m which the foot is 


TABLE m 


Subject 

Aver 

Arm 

svst 

Ankle 

A-ver 

Arm 

diast 

Ankle 

1 

i Differences 

j Syst Diast 

A 

106 

109 

65 

CS 

+ 3 

- 3 


110 

114 

67 

bb 

-J- 4 

- 1 


107 

113 

G6 

65 

- 6 | 

— 1 


102 

106 

65 

04 

J- 4 

— 1 



110 

72 

70 

- 8 

— 2 


110 

117 

74 

74 

— 7 

0 


122 

127 

08 

07 

a 

— I 






A\ - 53 

— 0 1 

C 

133 

138 

92 

92 

— 0 

0 


121 

128 


02 

— 7 

_u 2 






Ai - 6 

- 1 

D 

110 

137 

71 

73 

-‘-IS 

— 2 



J 



A\ -t- IS 1 

•!_ 2 

I 

100 

105 

02 | 

61 

-J- 5 

— i 


100 

115 

70 , 

71 

-6 , 

- i 




l 


A\ — 5 5 

0 
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45 inches above the lc\ el of t lie brachml artery Tho systolic pressure in 
the brachial artery under such conditions remains, as Hill showed, practically 
unaltered If brnclual systolic and diastolic are assumed to be 120 mm 
and SO mm , then, according to Hill’s contention, the corresponding pressures 
in tho ni tones of tho foot must be approximately 30 mm and — 10 mm 
Such pressures seem inconccnnblc, especially m view of Carrier and 
Bell berg s (2) findings, confirmed b} Landis (11), that tho capillar}* pressure 
is constant at a small positi\c pressure, at any point higher than 7 cm below 
the thiMele Morcoxcr, the appearance of the foot gives no suggestion of 
Mich a state of affairs 

The existence of a differential s^tolic pressure in arm and leg in the 
hormmtal po-turc tins re imestignted b\ Burdick cl nha (1) They argued 


7 XIII i< IV 


Snlyott 

A\t r 

Ann 

»A t 

\nl 1r> 

\m r 

Ann 

thntt 

Ankle 

\ 

1 

in 

202 

i 

. 

"it 

ll.'t 


in 

ll»h 


1*>7 


117 

101 

til 

r.s 


iK’ 

101 

7‘» 

ia r » 


m 

101 

S2 

1ST 


m 

203 

1 

l 

* i 
1 

llts 

c 

127 

i 

I 

217 

1 o, 

1S3 


12s 

220 

« 

1 

1S4 

1 

D * 

133 

201 


i 1G0 

122 

m 

i 

i 

1 72 

i 

1 

. un 

i 

r 

f 

102 

112 

! 

l 

, Ifil 

\ l r »t 

1 

1 

! 04 

1 78 

! 

1 

» 

lie 

123 

1 


Relation of ankle to 
l>rncli + dr press 
S\st Blast 


, 

- 0 

j- n 

Tt A 

— 1 

, — 1 

J- 6 

! 0 

— 3 

+ 2 

— 4 

! +10 

+ o 

j A\ ^ 33 

- 27 

r 

) + 2 

J- 4 

1 + 4 

a- 3 

i A* 2 

+ 35 

1 — 5 

! J- 5 

1 2 

1 -T 1- 

, u — 3 5 

+ 8 't 

1 

1 — - 

1 

+ 1 

l — 1 

0 

An — 2 5 

, + 05 


Uml if n tl.flcrci.co uns cr.dcnl ... subjects rath arteriosclerosis by tl.c 
comparatively ...sensitive method ..scd by H.ll, . 
be found m normal subject, .f modern sons.t.yc methods 
employed Such d,fferonces Mere found but they varied widely from to 

C ° T investigation of these po.nts rath tho present osemorn. oto gave 
interesting results Table III shows tho systobo and diastolic pre-s 
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taken from the arm and the ankle, when the subject was lying on a bed with 
these parts on exactly the same level In these experiments two cuffs were 
used, one in the usual position over the brachial, and the other encircling 
the leg just above the ankle-joint Readings were taken from each cuff 
alternately 

It will be seen that the leg systolic is consistently higher than that of 
the arm, while there is no significant difference m the diastolic The systohc 
differences are, however, much smaller than those found by Burdick and 
others (1) A point of interest is that the largest difference was found in 
the oldest subject though the absolute values of the systohc gave no indication 
of any arterial hardening On the other hand, the difference found in the 
younger adults was also found m the child of six, m whom presumably 
arterial elasticity was best of all 

Table IY shows the differences m systohc and diastolic pressures recorded 
from arm and ankle when the subject was m the standing position 


TABLE V 


Subject 

Hydr press 

Aver 

Ann 

syst 

Ankle 

Aver 

Arm 

diast 

Ankle 

Excess of ankle over 
bra ch less hydr press 
Syst Diast 

A 

43 

104 

82 

65 

27 

+ 

26 

+ 

10 


48 

105 

83 

69 

34 

i ^ 

26 

+ 

13 


48 

105 

86 

66 

33 

+ 

29 

4- 

15 


47 

105 

86 

66 

33 

+ 

28 

+ 

14 


46 

107 

87 

66 

27 

+ 

26 

+ 

7 


45 

105 

93 

67 

31 

+ 

33 

+ 

9 


44 


93 

66 

27 

+ 

27 

+ 

5 


42 

111 

95 

71 

30 

+ 

26 

a_ 

1 


39 

98 

76 

67 

37 

+ 

17 

+ 

9 


34 

112 

94 

73 

47 

+ 

16 

+ 

8 


33 


89 

66 

41 

4- 

21 

+ 

8 


31 

114 

95 

70 

47 

+ 

12 

+ 

8 


30 


89 

66 

41 


17 

+ 

5 


28 


105 

67 

43 

+ 

13 

+ 

4 

C 

66 

122 

86 

80 

47 

+ 


+ 

23 


30 

137 

117 

94 

66 

A~ 


+ 

2 


18 

122 

104 

so 

64 
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+ 

2 

D 

46 

IP" 

98 

71 

37 

+ 

18 

+ 

ii 


24 


110 

71 

52 

4- 

9 

+ 

5 


22 

3j§IS 

104 

68 

52 

+ 

7 

+ 

6 

E 

22 

100 

85 

63 

43 

+ 

7 

A- 

2 


16 

108 

92 

72 

56 


° 


0 


The figures here undoubtedly support the contention of Hill that the 
difference in pressure between two points is that which would be expected 
from the hydrostatic pressure of the blood between them This is true of 
both systohc and diastolic There is, however, this reservation The 
shght differential pressure between arm and leg, found m the horizontal 
position, is not evident in these figures Whether this indicates a real 
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absence of (Jus differentia] prcssuic or not is doubtful The differential 
pressure is small and an error of 1 3 cm in the measurement of the blood 
column belli ccn the cuffs n ould account for a pressure cbffeience of 1 mm Hg 
This mcasuicmcnt cannot be accurate because, quite apart from slight 
movements of the subject, each cuff coicis a stretch of artery, and the exact 
points between which measurement should be made are uncertain 

The most interesting results nrc those of Table V, winch gives the 
pictures rccoidcd from the same two regions when the subject ivas lying 
on a bed, but w it h one log raised on a support abo\ c bed-level The support 
extended from heel to thigh so that no sensation of strain was experienced 
The rclntne height to which the limb was raised is indicated by the figures 
of the second column, which gi\e the hydrostatic pressure of the intervening 


blood column m mm Ilg 

These figures show that, unlike those of the standing posture, the pressures 
do not nlwa\s conform to what would be expected from the effect of gravity 
The higher the limb is ole\ntcd, the more is the systolic pressure, and, to a 
lc^er extent, the diastolic pressure, m excess of the value given by r deducting 
the hydrostatic pressure from the obsened brachial picssurc The lowest 
systolic reading is 7(» mm This bchawour appears in all the subjects, 
including the young child 

.V compensator mechanism thcicforc seems to be brought into play 
to ensure an adequate capillary cu dilation when a part of the body* is 
elected a bote heart let cl With regard to the natuic of this mechanism 
one can only speculate It is not difficult to conceive of conditions which, 
through better conduction of the pulse-wave, would maintain the systohe 
pressure at a rclatitch high value, but the differential diastolic pressure is 
much more puzzling Cardiac changes due to the posture may be discoun e 
since tlict would affect both arm and ankle readings In any enso, the 
heart rate is ten little alicicd by the elevated position of the limb, in 
subject A, on whom most of the observations were made, the maximum 
increase m the experiments where the foot was most elevated, was only 
4 bents per minute, or G% of the recumbent rate That the pressure 
determinations are themselves x nlicl seems reasonable (1) from the a prion 
argument that postures can be assumed m winch hydrostatic effects wou 
i educe the systolic to n very' low and the diastolic to a nega ive va 1 > 
#o\ because similar effects have been found in the digital arteiies and ( ) 
from Carrier and Rchberg’s finding that the capillary pressure, ^ “ 
by by drostntic pressure below heart el, is constant 

prcssuic gradient between arteries and capillaries will no do J 

mntcuaufm the elevated limb positions, the last is very suggestive at leas 

^ lelanve constancy wall also bo found m „ 
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in so far as it refers to arterial pressure, seems unsatisfactory Increasing 
the peripheral resistance in the circulation, other factors rema ining constant, 
raises both systolic and diastolic pressures, but the latter more than the 
former, so that the pulse pressure is narrowed This effect, which is well 
shown in tome muscular contraction, is what would be expected from the 
collapse of the veins suggested by Carrier and Rehberg In my experiments, 
on the other hand, the systolic shows more of a compensatory rise than the 
diastolic and the pulse pressure is broadened When such a change occurs 
m the circulatory system as a whole, it is an indication of mcreased cardiac 
output In my experiments it is found as a differential characteristic 
between the vessels at heart level and those elevated above heart level, 
but it might be explamed on similar grounds, viz , that the distribution of 
blood is so altered by vasomotor control, that the output to the elevated 
hmb is increased Moreover, this seems a not unlikely response to a posture 
which, in the initial moments of its assumption, must lead to deficient 
oxygenation 

C Pressures in arteries of different size 

A point that enters into the above comparison of records taken from 
arm and ankle is the degree to which systolic and diastolic pressures vary 
with the calibre of the artery from which the records are taken That there 
is little difference between the main arterial trunks of the hmbs and their 
primary branches appears from a senes of alternate measurements made 
from the arm (brachial) and from the wnst (radial and ulnar) The averages 
of these (subject A) gave the systolic as 1 4 mm lower, and the diastolic 
1 6 mm higher, at the wrist than m the arm The fall of pressure between 
arteries and capillaries is m the main confined to the part of the arterial 
system penpheral to vessels of the size of the radial and ulnar A considerable 
diminution has occurred by the time that the digital artenes are reached 

Blood-pressure measurements m the fingers are not, of course, new 
Some of the ongmal instruments for recording blood-pressure [Marey (13) 
and Mosso (14)] were devised to be applied to one or more fingers, but only 
the pomt of maximum oscillation was investigated, a point which is now 
considered to be several milli metres above the diastolic level This pomt 
Mosso found to be 80 mm Hg m the normal subject 

Measurements of the systolic pressure have also been made by 
Gartner’s (8) method Using this method, Cohn and Lundsgaard (3) found 
m eight normal subjects an average difference of 20 mm between brachial 
and digital systolic pressure, the values varying considerably m different 
individuals Hayashi (9) also found a difference of about 20 mm m a number 
of subjects both normal and diseased, while Doleschal’s (4) observations 
indicated somewhat smaller differences In these deter min ations, the 
brachial systolic was estimated by radial palpation, which gives lower 
results than the oscillographic method , the differences would probably have 
been some 10 mm greater m comparison with a brachial systolic determ in ed 
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oscillograplucally or by auscultation Gartner’s method has been little 
used, partly bccauso of lack of definition of the systolic point, and partly 
because of a variability of the readings generally attributed to vasomotor 
changes 

In determining digital pressures with the present oscillometer, a cuff 
of the usual armlet form was used, but only 6 cm square This is sufficient 
to allow of the cuff extending along the greater part of the length of the 
finger and almost complctch encircling it Considerable difficulty was 
experienced in obtaining satisfactory measurements The amplitude of 
oscillation is at the best aery small and, when the finger is cold, almost 
inappreciable, in spite of the sensitivity of the oscillometer , determinations 
had therefore to be made m an equable temperature at which the subject 
felt comparatively warm Secondly, with such a small amplitude of move- 
ment, anv deficiencies m the constancy of the leak become of relatively 
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great importance, and the utmost care Jins to be exercised that there is no 
drift in pitch due to change m tho rnto of leakage Lastly’, constancy of 
the rate of leakage cannot by the present system be maintained much below 
20 linn Hg and, undei certain circumstances, tlie diastolic pressure m the 
digital arteries would appear to approach, if not actually to fall below tins 
level Attempts me being mndo to obviato the last two difficulties by 
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devising a pressure-lowering mechanism not involving a leak On account 
of these difficulties, the digital measurements lack the precision of those 
obtamed from larger vessels 

Table VI compares the systolic and diastolic pressures obtamed 
alternately from the wrist and finger cuffs, the forearm and hand being 
horizontal and approximately at heart-level 

Allowing for the fact that the wrist systolic is here determined by 
oscillometnc catena, these figures show, for the systolic pressure, general 
agreement with the results obtamed by Gartner’s method, t e , the wrist, and 
hence also the brachial, systolic is 20 to 30 mm higher than the digital, 
though, m one subject the difference was over 40 mm They add the 
information that the diastolic differences are very similar to the systolic 
There is, however, much less vanabihty among the individual observations 
than m the published records of determinations by Gsertner’s method, 
due, no doubt, to the use of a more reliable method 

At the same time there is no doubt that the results can be influenced 
greatly by vasodilatation This was shown m the following experiment 
Wnst and finger pressures were recorded m subject B, when the hand rested 
horizontally on the thigh at a level approximately 20 cm below that of the 
heart, with the following results 

Syst Blast Difference 

Wnst Unger Wnst Finger Syst Diast 

145 105 119 80 40 39 

Wnst and hand were then covered with an electnc warming-pad and the 
following senes of readings recorded from the finger at intervals of 
approximately 2 minutes , 

Svst 110, 106, 112, 116, 118, 116, 120, 124, 126, 130 
Diast 76, 74, 74, 76, 76, 76, 76, 74, 78, 74 

Finally the wnst readings repeated gave systolic 144 mm , diastolic 
114 mm As a result of vasodilatation, the wrist-finger systolic difference 
diminished from 40 to 14 mm , while the diastolic difference remained 
unchanged 

In another similar experiment m which the finger with its pneumatic 
cuff was immersed in water as hot as could be borne (47° C), the finger 
systolic wit hin 10 minutes was only 4 mm Hg below the wnst systolic 
pressure The diastolic pressure during this overheating showed a sbght 
tendency to fall 

The increase in amphtude and steepness of rise of the pulse wave is 
most striking in these expenments, the alterations in pitch at each pulse 
varying from something which is almost inappreciable with a cold finger 
to a change, when the finger is warm, which approximates to that obtainable 
from the radial artery 
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Tables VII and VIII show the variations obtained m the finger pressures 
when the hand is held at different levels above and below the heart, and the 
relation of these variations to hydrostatic pressure In the observations 
recorded m Table VII, the subject sat on an armless chair with the arm and 
hand (1) at heart lc\cl and (2) drooping by the side, in those given m 
Table VIII, the hand was supported as high as possible above the seated 
subject 
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Though the results are not so clean-cut, they confirm wliat has already 
been shoyfn m the caso of the larger leg assets At points in the arterial 
„,lcm bclon Jicnrl level, s, Holio end diastolic pleasures 1 m ^ 

* lt h fixdrostalic laws When a limb is sufficiently elated above bear 
lex el a compensators mechanism comes into play to maintain the systoh 
and diastolic^ pressures, especially the former, when, by the effect of gr y, 
thev would be reduced to very low values 

This compensatory mechanism is probably a much more potent factor 

maintaining the con.tanc, of capillary I ,r< ' ss ”“ by the 

Kehbcig than that of the increased venous resistance suggest y 


authors themselves 
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SxnniABV 

A very sensitive blood-pressure oscillometer is described 

Records are given of the observations made rath the instrument on 
(1) the relation of oscillographic criteria of systolic and diastolic pressures 
to the auscultatory criteria , (2) the relation of systolic and diastolic pressures 
in different parts of the body to hydrostatic pressure , and (3) the values 
of the systolic and diastolic pressures in the small digital arteries 

The comparisons made at different levels m different postures show that 
the pressures, especially the systolic, in parts elevated above heart level, 
are maintained at values higher than would be expected from the effects 
of hydrostatic pressure 
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CLINICAL OBSERVATIONS AND EXPERIMENTS RELATING TO 
BURNING PAIN IN THE EXTREMITIES, AND TO SO-CALLED 
“ ERYTHR OMELALGLA ” IN PARTICULAR* 


By THOMAS LEWIS 

( From the Department of Clmtcal Research, University College Hospital 

Medical School) 


Ik a paper (8) published in the last number of this journal a particular and 
painful condition of the skm was described and termed for convenience its 
“susceptible state ” This state comprises the following chief characteristics — 
the affected skm is tender, being unusually sensitive, if not always to pinprick, 
then to friction and to contacts with water at 40° , even temperatures within 
the normal range of skm temperature may give rise to burning pam from 
the affected skm, and similar pam can be mduced at lower temperatures by 
increasing the tension in the skm, as by venous engorgement, or by imposing 
direct tension upon it Thus it happens that m the ordinary circumstances 
of life skm so affected gives nse to burning pam particularly when it becomes 
warm from any cause, when it is rubbed, or, if it is upon the foot, when the 
hmb hangs down The state is m general accompamed by redness, and can 
be produced m normal skm by burning it, freezing it, scratching it, or by 
exposing it to ultra-violet hght 

Such are the chief facts and to explain them a theory has been put 
forward and is supported by further evidence, that when the skm is m the 
susceptible state, its tenderness is due to the liberation of a special substance 
which plays upon the pam nerve endings , it is further supposed that as a 
result of certain procedures, such as rough usage or arrest of the circulation 
to the part, the concentration of this substance may rise sufficiently to give 
continuous burning pam without other interference The evidence suggests 
that the release of this substance, presumably from cells of the skm itself, is 
especially apt to occur in association with a state of inflammation This 
theory is not put forward m a form which m its detail is expected to be final, 
but at the moment rather as a working hypothesis There can be httle doubt 
of the truth of the central idea of a pam substance what this substance is , 
how and m what precise circumstances it is liberated to produce pam , 


* Work undertaken with the aid of the Medical Research Council 
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■whether in physiological circumstances it is liberated in a concentration 
inadequate to produce pam, or whether it is exclusively a product of the 
inflammatory state, or of a particular phase or form of the inflammatory 
state , whether or not it is liberated m subcutaneous as well as cutaneous 
tissues , these are questions that should bo subject to closer enquiry and may 
soon come within the rnngo of profitable discussion Progress towards the 
final answ ers will come by using the theory m its present form as a guide to 
work, attempting to apply it in explanation of relevant occurrences, and by 
modifying it to explain unexpected phenomena 

It was stated m the first paper that the observations upon the normal 
subject were suggested exclusively by similar observations upon patients, 
m whom the skin of the feet was reddened and tender, but that for 
convenience of description the observations upon normal skin would be 
recorded first That 1ms been done and the present paper gives an account 
of the completed observations upon the patients to ■whom allusion was made 
earlier The obscr\ations and experiments ■will be described m a series of 
selected case reports, with such comments as arc necessary to bring them 
into line with the theory From this description I shall proceed to discuss 
the more particular problem of so-called “ crythromclalgm ” 

OnSFUVATIONS OX HUKXIXO TATX 

CASE 1 Sci crc urticaria faetUia, accompanied by burning pain 

D 12 , a married woman of 26 j cars complained of a rash and of itching 
and burning pain in her skin She presented conspicuous urticaria factitia 
on all parts of her bodj 

If the skin of the arm was stroked firmh with a blunt point, the line 
of the stroke began to gi\c burning pain m 16 seconds, increasing as a 
prominent wheal dc\ eloped fully during the next 3 minutes After about 
4 minutes the burning pam lessened and disappeared rapidly Histamine 
(1 m 1,000 of the phosphate, freshh neutralised) pricked into the skin gave 
conspicuous itching , if the histamine wheals were rubbed lightly the itch 
increased and the patient strongly desired to scratch tho skm There was 
no sensation of burning , the greater the doso of histamine the greater was 
the itch If the skill was stroked lightly, for oxamplo with tho finger, local 
redness and a surrounding flaro appeared without w healing, m these 
circumstances itching, exactl}- similar to that given by histamine, occurred 
A little heavier stroke gavo slight but distmot burning at about 20 seconds, 
followed by itoliing in another 15 seconds, burn and itch would proceed 
togothcr, but tho burn always disappeared first 

If tho two arms were heavily stroked simultaneously, tho circulation 
to one being arrested and to tho other remaimng freo, tho burnmg pain was 
felt moro severely and lasted much longer m the former Tho binning usually 
lasted in this arm during the whole of the circulatory arrest (5 or 7 min ) 
and for a subsequent interval, following release, which was about equal to 
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the complete period of burning m the other arm Occasionally the burning 
became unusually intense just after the release of circulation, presumably 
owing to the accompanying rise of temperature in the skin , similar 
intensification could be produoed by placing the palm of a warm hand over 
the burning skin 

The observations described were repeated many times 

Comment The sensation usually accompanying urticaria is itching, 
and this itch has been ascribed to the release of a histamine-like substance 
in the skin (7) Occasionally, as this patient illustrates, urticaria is 
accompanied by burning pam, with or without detectable itching 
accompanying it This burning pam is interpreted as due to the release 
of a substance in the skin, which stimulates the pam nerve endings m 
the skm, and can be held m place by arresting the bloodflow to the 
part The substance is not regarded as equivalent to that responsible 
for itching, but as one less readily released by injury and identical with that 
postulated m a recent paper ( 8 ) to be responsible for the burning pam so 
often accompanying various inflammations of the skm, following upon 
relatively severe injuries m normal people, such as burns from heat or a 
heavy stroke from a whip 

The occurrence m many cases of urticaria factitia, as the present case 
illustrates, of burning pam rather than the usual itch, within a brief interval 
of the stroke, brings with it its special suggestion, namely, that the substance 
released and causing pam may be present as a natural constituent of the cells 
from which it is released, and that the skm of these patients differs from the 
normal merely m the ease with which the substance is let loose mto the tissue 
spaces It suggests that we shall be more correct if we reject the possible 
view that the pam substance is a special product of the inflammation, to 
adopt the idea that m the infla mma tory state the release of a natural substance 
is facilitated The injury to the cells produced by burning heat, severe 
freezing, or the lash of a whip, may similarly be supposed quickly to give 
burning pam because of gross damage to the cells concerned 

CASE 2 “ Erythromelalgia ” so-called, and urticaria factitia 

A W * a virgin of 36 years, related that at 8 years of age she suffered 
from scarlet fever , she was ill for 9 weeks during which time her eyes and 
hands became puffy This p uffin ess returned a little from tune to time during 
the next 6 or 6 years While convalescent from scarlet fever, a red patch 
appeared around the right eye and was diagnosed as erysipelas , it lasted 
for 6 weeks but returned repeatedly for short periods during the next year 
At 17 years she had synovitis of the right knee jomt, but quiokly recovered 
from it At 21 years the left knee jomt became swollen and painful and she 
has been ill ever smce at the time she was suspected to have a tuberculous 


* X am indebted to Dr Parkes "Weber for this case, which he has already briefly reported (19) 
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joint Her loft knee was permanently damngetl She was treated with 
injections awl from these she dated het urticaria, which began about her 
24th )cnr The malady for which she came under observation began about 
her 2oth year and consisted first of an attack of redness and pam in her 
left foot without spelling in the same \car her right foot was swollen for a 
few dajs on sc\eial occasions , redness and pam m this foot developed in her 
27th xenr hi her 28th )car the sheath of the left femoral artery was 
stripped ofT, but no benefit followed The condition of redness and pam had 
become established m both feet, but cspccialh in the left Although the 
left foot did not swell at first it became swollen repeatedly for a few days or 
weeks from her 20th ■\car onwards In her 31st }cnr she had trouble until the 
left shoulder joint and m hoi 33rd jear her right knee joint became swollen 
and its movement Mibscquenth limited During her 36th )car her hands 
began to gno similar trouble and a little later the skin of her face and chest 
was affected Her symptoms ii.id always been worse in winter and better 
m sumimr but hail otherwise increased progressive!) Her complaints 
when under ob-erwitiou were us follow *1 — 

Her left foot troubled her more than Iter right , she suffered from a 
continuous, throblcss pam, described as “burning,” felt especial!) across the 
base of the loos on their plantar aspect Jf she rested in a cool room with 
her feet up the pam would go awn) She molded warming the feet never 
allowing a hot bottle to come tieir them, keeping them away from the fire, 
and washing them m tepid but not in hot watci owing to the pain induced 
m them In heat She slated that the pun was induced 111 her feet by 
the simple net of hanging the feet down out of bed nnel b) w alking on them, 
so that to walk more than 100 \ arils hnel become xcr) difficult The 
burning pam was prcccelcd usuulK In ache If the pam continued it spread 
to the lest of the sole, to tlu dor-ami of the foot and cventuall) to the ankle , 
it was often \cr\ sen ere, causing her great suffering Ihc right foot was 
sunilnrh but less affected 

The burning pain m her hands was chufU experienced m the palms 
of the hands nnel was worse when the\ hung down or were warmed in water 
or In a Cue She described it as identical in character with that in the feet 
The facial pam was m the region of the brow and the tissues around the rig it 
cne, which tissues became red and swollen from tunc to time , when first 
experienced the swelling and redness lasted a month, nnd she could hardh 
open hex c\ e Sinnlai though less frequent pam occurred around the left c) e, 
without swelling The facial pam was burning in character , the pain m 
tins legion nnd in tins onh was often throbbing Burning pam had been 
experienced occasional!) in the skm over the upper and front area of the 
chest w here the skm w ns 1 eddened b) exposure Both the pam m the hands 


nnd that in the face might be severe , , ^ 

It is to bo noted that while the patient stated that her symptoms were 
noise an winlci than in summer, and on cold than on warm days, she 
recognised that warmth aggravated nnd cold relieved her pam at a given 
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moment Thus she could walk out of doors without pain on cold days, but 
would suffer unusually on returning to a warm room 

The patient was examined many times in both winter and summer 
months and was under daily examination for a period of several weeks during 
the summer A general account of her state and of tests made upon her 
will be given, it being understood that the result of no test is described 
that was not repeatedly witnessed She was a thin woman of placid 
temperament, and presented no signs suggestmg disease of the nervous 
system or heart , her digestive system seemed m good order , she was closely 
searched for focal infections and none were found Her urine was normal 
The plasma calcium was normal, being 9 7 mg for 100 c c The patient 
gave a positive tuberculin skm test, there was the usual delayed 
reaction, but no immediate response Her tr unk and neck were diffusely 
overpigmented, but in a few places there were patches of unpigmented skm, 
one on her left forearm was particularly conspicuous and was stated to have 
followed after a red swelling , the pigmented and unpigmented areas were 
sharply marked from each other, as is usual in ntiligo, by crenated margins 
Her hands and feet were habitually cold, the temperature of the fingers 
and toes being repeatedly found to be but a few degrees above room tempera- 
ture even in the warm weather of mid-summer, when her body was hot and 
moist with sweat The coldness of her limbs was a quite definite abnormality 

She behoved that her hands and feet were usually warm, but this belief was 
quite erroneous, subjectively she could not detect if her feet were cold, 
cool, or warm , she knew only that they burned or did not bum The 
unusual coldness diminished when traced from fingers and toes upwards 
but was present m some degree in the forearms and legs Her facial skm 
was usually warm or hot While lying horizontally, the dorsal surface of 
the left foot was more deeply coloured than normal, the minute superficial 
vessels being visibly dilated , the colour was diffuse and patchy, mostly 
cyanotic (Colour XI, of the scale previously published (5)), but here and 
there interspersed with a redder tint The parts of the soles of the feet 
that take pressure were redder than normal , the feet were nearly always 
wet with sweat The malleoli and the inner side of the foot were also 
discoloured, but the outer side and toes presented little change The skm 
above the ankles was coloured normally The s km of the shin and of the 
dorsum of the foot was glossy, it was thrown into fine wnnkles when pinched 
up These parts and especially the mstep had been much swollen a few 
months before The foot was very tender to pressure and to rough friction, 
especially the plantar aspect of the bases of the toes, and the dorsum , 
tenderness and discoloration were closely associated on the dorsum Once 
during a period of rest m bed a tender bruise appeared without obvious 
cause on the dorsum of the right foot , the patient spoke of others 
experienced The skm was not hypersensitive to cotton wool touches or to 
needle pricks The foot was in every respect well formed and the nails 
normal The right foot was similarly but much less discoloured Both, 
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but the left especially, became much deeper in colour when hung down 
Tho femoral, popliteal, posterior tibial and right dorsalis pedis pulses were 
normally full , the left dorsalis pedis pulso could be felt when the foot was 
warm, as could a second pulse from a vessel lying outsido it The vascular 
channels to tho foot -were adequate , tho skm of the toes showed clear 
capillary pulsation when healed artificially to 42°C and when spontaneously 
and fully warm 

The hands, with their nails, were veil formed, and the slan everywhere 
supple , they were cold and moist , their palmar surfaces were redder m 
colour than is usual, and tender to pressure The radial and ulnar pulses 
uerc easily palpable Capillary pulsation was vivid m all the finger tips 
after soaking the hand in hot -water The facial skm was high m colour, 
ns -was that of the neck and upper part of tho chest m front Tho face was 
usually very -warm and often displayed spontaneous capillary pulsation 

The pc itn and its relation to tcmjicraturc It soon became clear, m 
making obscnntions upon this patient, that pnm and the temperature of 
the skm m ulucli it was occurring were related With the left foot hanging 
down in a bath, the temperature of the water was raised from 27° very 
gradually , burning began at 20 1° and was unpleasant at 33° Immersion 
of a hand or foot m water at 33° nfter a preliminary bath of 20° to 25° gave 
almost immediate burning pain, moderately seiorc m the case of the left 
foot, decreasing a little after a few seconds, but continuing less severely for 
long periods Thus m special tests, in which the horizontally’ held hand, 
or the brow, was maintained at 31° pnm of moderate intensity continued 
for 10 minutes, though declining distinctly by the end of this penod The 
transference of the limb while painful from water at 33° to 20° gave almost 
instant relief, the pain vanishing entirely in fi to 7 seconds The burning 
pain experienced on immersing tho foot in warm water was stated to bo 
precisely’ like that of which she came complaining, both in its character 
and in its site A rise of temperature from 20° to 2S°, by changing from 
one bath to another, ga^ no pain, but a rise from 27° to 35° (also a rise of 
8°) gave much burning, and a rise from 32° to 40° gave almost intolerable 
burning Not only the steepness of gradient, but tho actual temperature 
reached mattered 

Extensn c tests were undertaken to ascertain what parts of tho skm were 
unusually sensitive to heat Parts of tlio body’ other than tho hands and feet 
were tested by T means of a cylindrical bar of copper (5 cm diam ) Two of 
these cylinders were kept m a water bath at 40° and alternately’ were quickly 
dried and tho flat endd applied for 3 see to the skm In normal subjects such 
cylinders produco on skin that is usually’ exposed to tho air a senso of pleasant 
warmth, and they’ feel hot, but not uncomfortablo, when applied to the skin 
of tho trunk This is a convenient form of test and should prove valuable m 
many circumstances In tho patient, tho application gavo intolerable stinging 
pam in tho feet , it gavo sovere stinging pain on the brow and over the malar 
processes and palms , these were tho areas m which spontaneous pam was 
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frequent It gave considerable stmg over the back and neck and over the 
skm covering the upper part of the chest, where it was reddened by exposure 
It gave a sensation of heat with or without slight stmg over the greater 
part of the trunk Where the application of heat produced s tinging pam it 
almost always left subsequent redness, though there were a few exceptions 
in which pam occurred without reddening or reddening without pam It 
will be noticed that those parts of the skm giving nse to spontaneous pam 
and an unusually red response to warmth applied were areas exposed 
directly to the atmosphere, or under the thin covering of stockings, m 
ordinary circumstances It is to be added that over the same areas cold 
cylinders (at 0°) gave stmgmg pam too , the feet, palms of hands, legs, 
forearms, chest and brow were especially sensitive In the feet temperatures 
as high as 18° gave stmgmg pam 

It did not matter how a nse of temperature came about , if the level 
reached were adequate, pam would follow Lying at rest m bed, on cool or 
warm days, with hands and feet exposed or lightly covered, this woman was 
m no discomfort , and her hands and feet were then found to be cold When 
pam in a hand or foot occurred spontaneously, then this extremity was 
found to be warm or hot On several occasions during a penod of warm 
weather the vasomotor tone m the limbs of this patient was deliberately 
released by heating up the body For a penod of an hour she lay covered 
by nightdress and sheet only, with hands and feet exposed Thermal 
junctions were then fastened to fingers of the two hands (base of nail) and 
to the bases of the toes both dorsally and ventrally At a room temperature 
of about 25°C vascular relaxation would eventually occur m some parts of 
the extremities, or at lower room temperatures it would be expedited by 
placing a hot electnc pad on the abdomen and covering the pad and patient’s 
trunk with layers of blanket, or by heating the whole trunk m a warm 
chamber, the air of which was raised to 55° In this way the rises of 
temperature occurring m fingers and toes on the two sides could be 
compared readily with the appearance of pam m the same regions In 
these experiments, as the body warmed and vasomotor tone declined, the 
extremities would gradually become warm It was the rule, as it is m normal 
subjects, for the hands to become warm first, the fingers becoming warm at 
their tips and the warmth spreading up the finger mto the palm of the hand 
Bu rnin g pam came m the fi ng ers after they had gradually warmed to about 
30° or a little more, and gradually increased m seventy and spread to the 
hand as this became hotter The feet warmed up much later It was the 
rule for the temperature to nse first over the outer part of the left foot and 
here pam would first appear The warmth, and subsequently the pam, 
would spread along the outer side of this foot to the heel, would mvolve the 
whole sole, the toes m their length, and lastly the dorsum of the foot Similar 
events m the nght foot were always more delayed It was manifest that the 
nse of temperature preceded pam in the foot as m the hand The pam was 
hunted to, and always appeared m, parts that became sufficiently hot , 
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the requisite temperature was usually about 30° or a little more Thus 
there Mas a sequence m which the different parts of the two feet became 
warm and there was the same sequence in respect of pam , this relation was 
abundantly illustrated m a number of observations 

Hanging the hmb down and its effects on colour , temperature and pain 
On a number of occasions many’ observations were made upon the effects 
of hanging the feet down One change was in\ enable The skin of the 
feet, and especialh the left one, became deeply engorged with blood At 
first the colour might be bright red (Colour VII or VIII), and especially so 
if the feet were cold, o\er a large part of the dorsum of the foot , more often 
the colour was patchy red and purple , the colour became more cyanotic 
with time The yeins became swollen if the foot was warm before hanging 
it down but showed little distension if cold In no instance did the artcnal 
pulsation m the foot change appreciably with dependency The temperature 
of the foot might change a little with dependency, but the change was 
insignificant, and inconstant in amount and in direction Although the 
foot always became engorged when hung down, pam sometimes appeared 
and sometimes did not The appcirance of pam was not related to any of 
the insignificant changes of temperature of the skin just described The 
factor influencing the appearance or non-appearance of pam m the foot on 
dependency was the ley el of temperature prc\nilmg m the foot during the 
obscry ation Usually , the patient could sit or stand yy ith the feet m water at 
23° for long periods (10 or 13 mm or more) m comfort, they could be hung 
doyyn m y\ater at 28° or 20° for a ft y\ minutes yyithout pam, but pam would 
come eventually at these temperatures A foot hanging doyyn and 

immersed at 32 3° usually, and at 33° alyyays, gayc burning pam coming 
m a half minute, and rapidly growing in seyenty There yyas little difficulty 
m finding a critical immersion temperature (about 32°) at yylncli pam yyould 
occur yyith the foot hanging down, but not yy ith the foot raised Burning 
pain yyas exceptionally caused m these feet by hanging them doyyn for 3 or 
10 minutes, yylicn the natural surface temperature of the toes noyvliere 
exceeded 23° or 26° 

If, instead of hanging the foot down, it yyas kept more or less horizontal, 
yyhilo immersed (or soon after immersion) at about 32°, pam yyas avoided, 
but could be induced by throyymg onto the veins a pressure of 70 to SO mm Hg 
This pam had the same character and situation as that experienced on hanging 
the limb doyyn and yyas ichcycd at once, and abolished yyithin a feyy seconds, 
by releasing the venous outlet The burning pam brought on by' hanging 
the foot doyyn or by throyymg pressure onto the veins, yyas stated to be 
relieved yvitlun 2 or 3 seconds if a comparable pneumatic pressure yvas 
thrown upon the painful skin This yyas usually' the skin at the bases of the 
toes and the counter pressure yyas excited by r yy rapping a pneumatic cuff 
snugly 7 around them and inflating it , the pam yyould return again within 
1 minute or less of the release of this counter pressure Similar results were 
obtained in the case of the hands These observations shoyy how pain 
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induced by dependency in this patient resulted from a passive increase 
in the tension of the vessels and surrounding tissues This is almost certainly 
the proper interpretation of the results, especially if we take into consideration 
similar tests on the ultraviolet light bums of normal skin (8) But m this 
particular patient the idea arose that rehef was due, m part, to confusion 
owing to sensations resulting from the pneumatic bandage When burning 
pam is shght, such confusion sometimes presents a very real difficulty, the 
sensations arising from the bandage tending to conceal the burning pam 
In our patient, however, the phenomenon of rehef of pam m a dependent 
limb by counter pressure seems beyond doubt, as it was always strictly 
confined to the part actually pressed upon, and the pam relieved was often 
severe This further statement is necessitated by the fact that this patient 
spoke also of rehef by counter pressure, when pam m the skin had 
been provoked by friction, the limb bemg then horizontal , but such rehef 
was spoken of as only partial if the original pam was severe , and, if it was 
mild, rehef could be obtamed whether the pneumatic bandage was apphed 
actually over the lesion or merely m its immediate neighbourhood 

To sum up, it has been proved that m this patient there was a 
" susceptible state ” of the superficial tissues of the feet Pam could often 
readily be mduced m the feet by allowing them to hang down The 
conditions requisite to provoke this pam were two in number, first an adequate 
temperature (usually lying between 30° and 35° on different occasions), and 
adequate stretching of the vessels under hydrostatic pressure The pam of 
dependency was ultimately determined by tension m susceptible tissue that 
was warm , it was not caused by a “ vasomotor storm,” nor directly or 
indirectly by any nerve reflex associated with the assumption of an erect 
posture 

In concluding this section the following protocol of an exceptional 
observation is given to illustrate how readily the events occurring m relation 
to posture may be misinterpreted if full and exact observations, with 
knowledge of the factors mvolved, fail to be made 


Protocol On one occasion this patient walked to the hospital on a cold dav The colour 
of the left foot was as usual, but the instep was swollen The feet were cold irom the ankle 
downwards (toes 22° to 23° and room temp 18 5° to 20°) The patient rested a half hour with 
feet elevated and without pam A thermal junction was fastened to the base of the left toes 


Min after 
entering 
30 

40 

41 

44 

60 


63} 

63 

64 

65 
72 
93 


Temp of 
toes 
23 3 

26 0 Patient still horizontal, the foot has warmed spontaneouslv 

Foot allowed to han g down, it soon starts to ache and it becomes deepU mottled 
with red and purple colour 

27 9 The ache contmues 

30 0 Although the temperature of the base of the toes has been increasing 
for 20 min there is no burning 

30 6 Burning pam starts m toes 
32 0 Pam has steadilv increased 

Foot raised to horizontal 

32 0 The pam is better , the foot is paler 
32 6° Pam has gone 

31 8 Shght bum m sole of foot which is warmer than toes which are without 


pam 
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109 33 0 Tlio bum in tlio sole hiw gone 

114 33 2 No pmn , led loupred lo floor, bum stnrtB in tho toes within a half 

minute 

1 lfi Feet mihod to borizontnl Pain eased at once 

110 33 0 Pmn gone 

124 1 oct lowered to ground Hum neross toes quickly develops 

128 31 7 The pain lias stradih increased in tho dependent toes nltbough tlioir 

temjv mture lias acttinllj fallen 

123 lYtt raised to bonrontal, giving almost instant relief 
130 32 2 Still a little tmm in the toe 


Tins protocol illustrates ngam how burning pain may bo induced by 
hanging the feel don n, and how it maj be relieved by raising them, but it 
also cl carl j shows that the pain is not part of an attack m which tho 
blood lion to the feet is increased The position of the foot did not influence 
its temperature, which at first stcadilj increased whether the foot was up 
or down The protocol, however, is particularly interesting because it is 
obvious that, with fewer observations, the initial rise of temperature, before 
the patient's feet were first lowered, could rcadilj have been overlooked, 
leading to the events witnessed subsequent!; being interpreted as an attack 
of vasodilatation of tho feet with pain, induced by the dependent posture 
Actually the correct interpretation is ver} different The patient had been 
exposed to cold outside air and came cold into the room , sho warmed up 
slow lv but normal) \ and the vessels of the feet gradually relaxed , this 
process, already well advanced, continued after the feet were allowed to 
hang down, and there came a time when the tomperaturo had risen 
sufficient!} to produce pain in feet that were congested At this stage 
pam m tlic feet could be controlled bv changing their position 


P<nn induced by friction, with and without occhmon of vessels It was 
known to the patient and rcadilv confirmed bj observation that rubbing 
the tender skin of tho feet and certain other affected parts induced burning 
pmn m them During the rubbing p.un was experienced but quickly passed 
awav to return about 10 or 15 seconds after the last of 5 quick firm rubs of 
the skin This returning pain lasted for about 3 to 5 minutes andvvas confined 
to the area rubbed, changing m location with the latter If the circulation 
to the leg was .stopped before the skin was rubbed, the burning pam once 
established lasted as long as the circulation was obstructed (5 or G nun , 
and, though decreasing or disappearing temporarily soon after the cumulation 
was released, would reappear to disappear finally about 3 or 4 minutes nf 


These observations were carried out on tho feet previously warmed by 
immersion and m tho horizontal position Tho areas of skm used *** ? ® 
temperature of about 27° to 30° Tho observations nro considered to show 
that friction brings into the tissuo spaces a substnneo, which acts on u> ^nervo 
endings sufficiently to causo thorn to discharge pam imposes v ^ 
conditions of temperature, etc The experiments led to two further 
observations First, they showed that friction of tho affected skm, wi 1 
ummpedcd'^irciilalion, in this patient raised its temperature unusually 
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(by about 3°), the raised temperature lasting also for unusually long periods 
Secondly, it led to the discovery that this patient had a general urticaria 
factitia, of which more may be said 

Urticana Urticaria factitia was readily produced over the whole 
trunk and proximal part of the limbs , on the lower forearm and leg, and on 
dorsum of hand and foot it was inconspicuous On the trunk the wheals 
were very prominent On the limbs, which were cool, the wheal was 
accompamed by an unusually large rise of temperature, 2° or 3°, and this 
rise of temperature lasted unusually long (more than 20 nun in some 
instances) A very hght stroke produced reddening and itching, with little 
wheeling , the heavier stroke, gave conspicuous wheelin g always accompamed 
by burning pam Sometimes the reaction would start with itching and 
continue with a mixture of itching and burning A smgle firm stroke with 
a blunt pomt across the forehead whealed it distinctly and gave burning pam, 
accompamed by throbbing which was found to be synchronous with the 
pulse beats , the pam sometimes lasted as long as an hour and was described 
by the patient as identical with her usual facial pam Yet her usual facial 
pam was unassociated with whealmg though often accompamed by redness 
Severe burning followed for 5 min utes after stroking palate, tongue and 
mucous membrane of the cheek Neutralised histamine acid phosphate 
solution (1 in 200) gave severe itching but no burning, when punctured mto 
the skin of the arms 

On the forearm the burning pam following a smgle firm stroke was 
moderately severe and lasted about 3 to 5 min utes If the arm vessels were 
first occluded, and the skin then stroked and subsequently kept at about 
36 °, the burning pam would last usually* to the end of 5 or 6 minutes occlusion 
At the release the pam would disappear but almost always* returned within 
a minute or two of release, to disappear usually about 4 to 7 minutes after 
release It was interesting to note that s kin that had been whealed became 
very susceptible to heat, a copper cylinder at 40° producmg burning pam 
m an area of s kin as long as 40 or 50 minutes after it had been stroked 

These observations were m the mam simil ar to those made upon Case 1, 
and similarly indicate the release of a substance causing burning pam, by a 
smgle stroke of the skin. 

Urticaria could not be elicited by the application of warm (40°) or 
cold (0°) cylinders for varying times 

Pain induced by simple occlusion In these experiments it was necessary 
to main tam the temperature of the skm at an adequate pomt (32 to 35 ) 
effected most easily by imm er sin g the limb m water It was also necessary 
that the limb should be emptied of blood by raising it before the circulation 
to it was arrested, and that the arrest should be complete, otherwise increased 
tension of the blood m the venous system interfered with the result To 


* Occasionally and inconsistently the pain ■would end a little before the end of such an 
occlusion, and it did not always return afterwards The reason of variation is unknown 
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nrrcst the circulation nn unusually wide pneumatic cuff, covering the elbow 
or knee joint completely , wns used nnd no observation wns accepted m \ilnch 
tension m the xcins of the limb rose appreciably It wns found, in a limb 
so tiented, that burning pain began gradually in foot or hand m about 
2 to «"> minutes, and haling begun increased steadily’ in intensity* , on release 
of the circulation the pam would \antsh, usually m a period of about a 
half minute or a little longer In the case of the feet immersion was impossible 
without some degree of dependency , in the case of the hands, m which the 
result was similar, dependency of the part was nxoidcd 

From these ob-er\utions it is concluded that a substance, bringing the 
ncr\e endings into a condition in which they more readily discharge sensory 
impulse-', graduulh nctumulnkd in the more se\crcly affected superficial 
tissues of this patient during the period of \ oscular occlusion, suggesting 
that m these parts this substance was being constantly formed and released 


into the tissue spaces 

Comment The patient here dc scribed suffered from a peculiar condition 
of the skin affecting mnml\ her four extremities, but especially her left 
foot This condition was one in which burning pain, often «c\cre, occurred 
in association with increased blood flow to the limb, and was aggravated by 
heat, decreased by cold, mere iscd by dependency , nnd decreased by elevation 
of the limb This is a group of symptoms corresponding closed with what 


has been called ‘ ery thromelalgm ” 

It will be ob\ ions from wlmt we now know that the explanation of 
these phenomena may not be left at a mere name It has been shown that 
the attacks of pam were produced by am thing causing the affected skm 
to become sufficiently warm, as when the foot was immersed m warm 
water or when the wssels of the limb were dilated as a normal response to 
warming the both The characteristic i Hutton of pain to temperature, the 
tenderness, the relation of pam to xnsculnr tension at certain temperatures, 
the production of lasting pain by friction, or by simple occlusion, and the 
prolongation of pam caused by friction when the circulation was arrested 
arc all consistent with the \iew that the skin was m a state identical with 
wlmt has been termed the “ susceptible state ” That is to say , the condition 
gmng use to symptoms is a morbid condition located m the skm itsci 
That is the important hist conclusion at which wc definitely arrnc 

As to the nature of the local process, that can only bo discussed 
speculate ely The “ susceptible state ” 1ms been regarded as one associated 
particularly with inflammation The occasional occurrence of redness and 
swelling in the parts of the patient’s skm giving rise to spontaneous pam 
nnd subsequently found to be especially susceptible, lends suppoit to the 
idea that the essential condition in these tissue areas was one of loca 
(residual or chronic) inflammation The underlying cause of this supposed 
inflammation remained obscure The susceptible state was not c ° nf J ne ^ j°' 
though it was most prominent m, the parts of the skm that wore taibitua 5 
cold , so that, although dnmngo by persistent cold might bo regaided per mp 
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as contributory, it was not alone responsible There was evidence of a 
similar though slighter affection of much of the skin of the body Urticaria 
factitia was also present m severe form and the wheals were associated with 
burning pain It might be suggested in explanation of the susceptible skm 
of hand and foot, that this susceptibility was due to an infla mm atory condition 
m which a specific pain substance was being released and acting on the pam 
nerve endings , it must be suggested that the skm as a whole and also 
mucous membranes were unusually prone to mechanical injury and that 
single firm strokes would release the pam substance It seems very likely 
that in the patient described the susceptibility of the skm and its proneness 
to urticaria were closely linked together from the standpoint of causation 
and that ultimately a hypothesis may be put forward that will readily explam 
both phenomena , but this explanation will not come until we know far 
more of the ultimate factors underlying such states as urticaria factitia 

The observations upon this patient have brought two suggestions relatmg 
to skm m the susceptible state, both of which require further investigation 
Firstly, in this patient, as in some others, it was noticed that considerable 
pam would continue for long periods m skm which was kept at 34° to 35° , 
the skm of the brow, or of the hand kept horizontal, being used to avoid 
passive congestion These observations suggest that such a temperature 
in this case may have been capable of causing the concentration of liberated 
substance to nse above its ordinary level 

Secondly, it was noticed that the skm of the feet first to become warm 
or hot m a general vasodilatation such as is induced by warming the body, 
was the skm showing the susceptible state most clearly This suggests that 
the vessels of susceptible skm are prone to respond with unusual readiness 
to vasomotor (dilator) influences , a matter that is relevant to the supposed 
association of pam and vasodilatation m the affected limb 

CASE 3 Painful redness of the feet ( erythrocyanosis ) 

D S , an unmarried seamstress of 20 years came to hospital complaining 
of trouble m her hands and feet 

The hands presented characteristic signs of mild Raynaud’s disease, 
present for about 4 years Firm strokes of the skm of the trunk gave 
distinct whealmg but no more than is seen m many healthy young people 
The whealmg was accompanied by neither burning nor itching of the skm 

The feet were m a different state , m these, attacks of whiteness, blueness 
or numbness had not been experienced For about 4 years her feet had 
become swollen and painful from time to time The feet would ache a lot 
and become bur nin g hot after walking about 2 miles , at first this was noticed 
m the summer time, but later m the winter time as well When directly 
questioned she stated that burning pam was experienced whenever the feet 
became hot, as when walking on a hot day, when they became warm after 
bemg very cold, or when standing or lying in a hot bath She avoided walking 
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on ver3 r cold or warm days, and gave up hot baths, so as to escape pain 
At rest her feet ■were almost always cold and she was then without pain 
Pam was rarely felt in bod, but her feet were rarely warm m bed The 
left foot was first affected, the right foot became painful to a less extent 
The pain was described ns a continuous burning without throb, and was felt 
over the loner leg and ankle, m the balls of the toes, along the inner side of 
the arch and over tho instep, areas that nero discoloured 

The feet w ere n ell formed , their arches were normal They were cold 


and much discoloured, the vascular colour of the skin being abnormally 
deep and cjanotic in tint (Colour XIII) Tho discoloration was distributed 
m diffuse tender patches, cspcciallj' on the dorsum of the foot where unpro- 
tected by shoe , the left foot was more discoloured than the right and tender 
A large discoloured patch on each instep ended abruptly below m a sharp 
border marking out precisely t he area protected by shoe Tho soles of the feet 
w ere unusuallj horn} for a 3 oung and w ell shod woman Her habit was to 
near thin artificial Mlk stockings, low shoes, and a skirt coming to the middle 
of the calf of tho leg The loner parts of both legs were deeply coloured 
and c}anotic A little ccdcma was once found below the left internal 
malleolus The dorsalis pedis and posterior tibial arteries pulsated normally 
The discolorat ion described was best seen w lnle tho patient sat , n hen elevated 


the feet were relative^ pale, reddening quickty and dcepl}* when hung down 
and then gradually assuming a purple tint If tho feet were warm tho veins 
became swollen when hung don n, but tho arterial pulsations were no greater 
than before and tho measured temperature of tho feet remained unchanged 
On one occasion when the feet ncro cold, the temperature of the skin 
at the bases of the great toes was found to bo 22 0° at a room temperature 
of 17 8° She began to walk quickly up and down tho wooden floor and 
continued to do so for nenrty an hour, tho temperature of tho toes gradually 
rising to about 20 5° She then complained that tho feet were beginning to 
ache and shortly to burn , these being her usual sensations Tho burning was 
described as being in tho plantar surface and over the instep Ten minutes 
later, the pam having increased, sho stopped walking, and the temperature of 
the toes had nson to 30 0° or 30 4° , tho pam disappeared gradually when 

sho rested and simultaneously tho feet becarno cooler 

After she had rested, sho Bat with tho two feet hanging down and 
immersed in untor at 2S 5”, in "hich they acre quite 
•Die temperature uas steadily raised at about tlio rate of O S a ■»»!« 
Tingling was experienced in tho loft foot when the water bath was 
at 30 *1° and burning pain began at 31 0° The rig i oo ° 

burn at 33 3°, tho burning in tho loft foot increasing Bu g P 
uas uncomfortable in both "hen the temperature W-b»' 

If cither of tho feet uas transferred to a bath of water at 37 to 40 , after 
a preliminary bath at 25° to 30°, burning pam started in about 10 
seconds Dus pain, once established, continued and might 
While tho foot was immersed The copper cylinder, either at 40 or at 0 , 
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gave stinging pain when applied over the dorsal surfaces and soles of the 
feet, pain of less intensity over the insteps and legs and over the palms of the 
hands, very slight pam over the thighs and the back and front of the chest, 
and no sting over the face and arms 

Friction elicited tenderness of the dorsum of the left foot, but this pam 
soon passed away, to return a little later and to last for one, to one and a half, 
minutes If the circulation to the foot had previously been arrested, the pam 
following friction was much inte nsifi ed, lasted as long as the circulation 
was held up (5 min ) and disappeared to reappear agam for a time after the 
circulation was released agam 

Simple arrest of the circulation sufficed to mduce burning pam m either 
foot after an interval, and this pam mcr eased steadily until the release , but 
the pam so mduced was less intense and much slower m co ming than m the 
friction experiment previously described 

Comment The burning pam in the feet experienced by this patient 
evidently resulted, mainly at all events, from a simple rise of temperature 
m the affected parts , the pam was provoked by applying external warmth 
or by warmth conveyed to the feet by the increased bloodflow mduced m 
them by walking 

Closer examination showed that the skin of the feet m this patient was 
m what has been called the “ susceptible state,” displaying the characteristic 
reactions of such skin to warmth, to cold, to friction, and to circulatory 
arrest This case, commonly classed as “ erythrocyanosis ” might be 
interpreted as one m which the susceptible state of the skm arose out of 
chrome inflammation resulting from repeated exposure to cold From our 
present standpoint the case has more importance as bemg a clinical type 
distinct from the last case described and as such it begins to illustrate that the 
“ susceptible state ” is not peculiar to what may be regarded as a single 
disease 


CASE 4 Painful redness of the feet ( erythrocyanosis ) 

E P , an unmarried, nervous and introspective woman of no occupation 
and of 21 years, came to hospital complaining of discoloration of hands and 
feet and of pams m the latter From childhood she had noticed unusual 
coldness of hands and feet, especially m cold weather Gradually from the 
age of 14 years her hands became discoloured, bemg deeply red or blue, as 
high as the wrists When the hands were for long blue and cold, they 
subsequently became puffy, and she was unable to make a fist properly 
The fingers ached when cold The hands were seen to be characteristic of 
what has been termed acrocyanosis, bemg cold, deeply coloured and cyanotic 
as high as the wnsts , the nails were m perfect condition and the texture 
of the skm normal When immersed m water at 40° the backs of the hand 
and thexfingers burned 

Her feet had been painful for 3 years The left foot was the more 
affected ^There was a continuous dull ache m the feet, occurring sometimes 
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while she walked, sometimes while lcstmg, and evon waking her from sleep 
Her chief and latest complaint was of burning j>ain, coming occasionally 
over the insteps and front of ankle With this burning pam the feet seemed 
to be hot This pam was experienced especially after exercise or shortly 
after hmg down to rest after exercise Sometimes the skin m front of the 
ankles would cinck a little where discoloured and bleed a little Occasional^ 
chilblains occurred on the fingers and toes in winter, during which the feet 
troubled her more than m summer The maladv had been progressing 
unfn\ourabl\ It was her habit to take tepid but not hot baths She wore 
short skirts and thin stockings the icnr round 

The legs were discoloured from the knees downwards, this vascular 
discoloration was diffuse, and of gradually increasing intensity when traced 
from knee to ankle, where the depth of colour was full The dorsal surfaces 
of the feet were also deeph affected, except where the shoe protected the 
toes and the strap crossed the instep these parts were almost normal m 
colour and sharph marked off from the rest The tint of the affected skin 
was i mi not ic (Colour XII) The colour became deeper and more c\anotic 
when the leg*' were allowed to hang down The skin of the feet and legs 
was cold , where discoloration wa*. mo»t conspicuous namely, over the left 
instep and ankle, it was \er\ hipersensitnc the patient shrinking from all 
contacts, eien from touches with cotton wool The right foot was not 
h\ptrsensiti\e to touches, but onh to rough friction The skin around the 
malleoli w is sometimes distmeth infiltrated, pitting shghth on pressure 
The arterial pulses wire all pilpable m the feet 

When emotionalh disturbed this girl blushed very deeply, the whole 
face mid neck becoming deeph suffused, on one occasion, being disturbed 
while her fee t were e xposed, the' cianotic skin was scon to participate in the 
hliish, becoming mielh real from the knees to the feet A subcutaneous 
injection of histamine produied similar blushing of face and legs 

The feet were allowed to hang immersed m water at 2S° and the 
temperature' of the water was graelualh raised , burning pain came m the left 
(the worse) foot at 28 S° and m the right foot at 30 4° Transference of a 
foot from water at 20° or 30° to 38° or 40° gave burning pam within a few 
seconds, the pain was induced more easily, came quicker and was moro 
intense in the case of the left foot, but was present m both , it came 
quicker and was more intense when the initial bath was at 30 than at 20 
The pam continued, though lessening m degree, while her feet remained in 
water for f>, 8, or moro minutes, it was relieved m a few seconds by 
rcimmersion m the cool bath The burning pain occurred over the dorsal 
sin faces of the feet and was stated to resemble precisely tho pam experienced 
after exercise The effects of increasing venous pressuro on the pam m 
the foot were studied but no conclusion could bo diawm 

Firm stiokes on tho skin with a blunt point produced slight w healing 
of the skin of the arms and trunk, but not much more than is found frequently 
amongst >oung people Tho stroke was followed after 15 to 30 seconds by 
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slight but definite burning pam m the skin, lasting about a half minute If 
the circulation to the skin was arrested before the stroke, the burning lasted 
about twice as long and was much more intense , moreover it often returned 
after the bloodflow to the hmb had been restored, in this respect, however, 
(as in Case 2) the results for some unexplained reason were not entirely 
consistent Histamine acid phosphate, neutralised, and at a strength of 1 in 
200, gave pure itching when pncked into the skm, but no burning 

Comment This case is m manyrespects sumlarto the last described and, 
so far as the feet are concerned, is to be interpreted similarly It is another 
clear example of the “ susceptible state ” m skm of the feet and lower part 
of the legs, in a patient suffering from what is ordinarily called “ erythro- 
cyanosis ” The hands were similarly affected m minor degree But the 
patient also suffered from a mild urticaria factitia accompanied by burning 
pam , a fact which brings her condition mto closer accord with that of 
Case 2 

CASE 5 Painful redness of feet due to chilblain 

D S , a domestic servant of 25 years had suffered for ten years from 
irritation and pam over both her insteps and lower legs The condition was 
most prominent m cold weather and had gradually become worse The 
right foot was more affected than the left Her feet had always been cold 
Itching came m attacks during cold weather, was severe, and soon followed 
by redness, swelling, and tenderness , sometimes small blisters would appear 
m the reddened areas These attacks usually occurred m the day time, and 
itching was greatly aggravated by the warmth of her bed at mght Her pam 
was of two kinds Her chief complamt was of burning m her feet, experienced 
when the feet became warm m bed or on putting them mto hot water She 
was sometimes forced to get up at mght to obtam relief from this burning 
pam The pam was often severe, was aggravated by allowing the feet to 
hang down and relieved by raising them Usually the pam was a continuous 
unchanging one, occasionally it was accompamed by regular throbbing 
She also complamed of tiresome a clung of the feet, especially after long 
standing , this was relieved by rest and especially by the horizontal position 

When seen, large patches of discoloured skm were found on the right 
side m front of and behind the ankle and over the lower part of the front of 
the leg itself These patches of discoloration were from 4 to 6 cm m diameter, 
irregular m outline and diffuse at the edges The colour was a deep red and 
deep blue, mottled together These areas were swollen and m places 
distinctly nodular , they were extremely tender , like the rest of the foot they 
were cold to touch The left foot was similarly but less severely affected, 
it also was cold 

When the feet were transferred from a preli m i n ary bath of water at 
20° or 30° to 40°, burning pam occurred withm a few seconds It was her 
usual pam and was felt m the usual parts, namely the discoloured areas of 
skm The pam occurred earlier and was more severe m the case of the right 
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foot tlinn of the left , it was moio severo when the foot had been transferred 
to 40° Mat ci from 30° than from 20° , it lasted, though gradually declining, 
foi a few minutes during immersion m the w arm w atcr Deliberate congestion 
of the veins aggravated the burning pnm induced by warmth, and like 
dependency grenth increased the depth of colour of the affected shin 

Comment In commenting upon this case emphasis is laid upon the 
presence of the “ susceptible state ” m the skm of the feet of a patient 
suffering from a chronic condition resulting from the type of inflammation 
ordinarily termed “ chilblain ” 


CASE 0 Earning pam proiolcd by varmth and by dependency, in a 

gangrenous toe t?i thromboangcitis 

S D , a lnboraton assistant, first complained at 36 years of age of 
intermittent claudication He was unable to walk more than 100 yards 
without aching pain m the calf of his right leg but relief came quickly with 
rest In his 38th y cor nn ulcer appeared on his right heel The right femoral 
artery was stripped of its nd\cntitin by a surgeon, gangrene of the foot 
followed, and the leg was amputated, first below the knee and through the 
thigh a fortnight Inter In his 10th year nil ulcer appeared on the 3rd toe 
of his left foot, and destroyed the toe , a month later the 2nd and 4th toes 
became discoloured and ulcerated, and a black scab appeared under the nail 
of the 1st toe 

^ hen s(cn, in lus 10th year, the 1st toe was reddened and scarred at its 
tip The skm was reddened out the dorsum of the foot opposite tlio bases 
of the 2nd to 1th toes, and the 1th toe was ulcerated on its mesial aspect , 
the 2nd toe had healed , the 3ul toe was missing The depth of the redness 
of the foot was much intensified by hanging the foot down No arterial 
pulsation could be felt in the leg below the level of tlio super ficin] femoral 
vessel The foot was warm with tlio exception of tlio end of the great toe 
The -veins of the foot were numerous and well displayed A reactive 
hypencmia test showed delay in the return of blood to tho wholo foot and 
especially' to the toes 

The pain was dcscubcd as sometimes stabbing, but usually* a continuous 
burning pain , occasionally it throbbed regularly' Tho burning pam was 
sec ere, stinting over tho 4th toe and spreading over the instep and often up 
tho leg It w ns described ns similar to that experienced m a finger that has 
been ciushed A little aching or smarting sensation was always present, 
but tho sc-vcro burning came m nttaoks night or day and ofton without 
explanation Hanging tho foot down produced a very persistent and 
intense burning , relief was usually obtained by lifting the leg to a horizontal 
position Tho warmth of tho bedclothes w'ould start tho pam and relief 
would bo obtained by moving tho foot to a cooler place in tho bed Hot 
water bottles m tho bed were found to bo intolerable, and tho foot had not 
been placed in hot water for many months, because of the excruciating 
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burning sensation which would be provoked and which would last perhaps 
an hour 

Comment The man’s account of his symptoms was so dear and the 
pain experienced so severe, that no temperature tests were employed His 
case exemplifies a frequent symptomatology of gangrene of a toe , the 
burning pain, brought on by warmth and dependency and relieved by cold, 
is attributed to the inflamed tissues of the toe being in the “ susceptible 
state ” 

CASE 7 Burning pain m gangrenous toe in case of senile arteritis 

I C,a commissionaire, and an alert and intelligent man, first complained 
of pain in the calf of the left leg after walking half a mile in the month of 
January, when 53 years old This symptom increased in seventy m a few 
months until he could walk no more than 50 yards By July, the left great 
toe became unusually red and one day, when he placed it in hot water, it 
rapidly became “ black ” , the circulation to this toe was evidently so 
deficient at the time that heating the toe resulted in rapid deoxygenation 
of the blood circulating in it and profound cyanosis , this phenomenon is 
seen occasionally when digits are supplied by arteries that are diseased and 
incapable of appreciable expansion In August this toe was painful, it was 
dressed with Iysol, and soon became ulcerated around the nail In September 
the nail was removed and the toe began to heal 

He was first seen m December of the same year, complaining of severe 
burning pam in the toe, experienced especially in bed at mght , relief was 
obtained by hanging the leg outside the bedclothes The pam was described 
as homble, being a continuous steady bum of great seventy, without throb, 
coming gradually and going away very gradually 

The patient was a well preserved man, showing tortuosity of the brachial 
artenes, and blood pressure readings of 162 systolic, 100 diastolic Pulsation 
in the artenes of the nght foot was easily felt , on the left side, the dorsalis 
pedis pulse was just perceptible and the postenor tibial doubtful The left 
foot was slightly cedematous, a black scab occupied the position of the great 
toe nail, and on the inner side of this was a small granulating area extending a 
little onto the lateral surface of the toe It was m a healing condition 
The surrounding skm was purple m colour but warm Exposed in a room 
at 20 5° the left great toe was the warmest of all, its base being about 33°, 
or about 4° warmer than the re maining toes A reactive hyperaamia test 
showed delayed reddening of the left leg only , the return of blood was late 
from the calf downwards, the great toe reddening last 

In numerous tests it was found that the pam could be provoked by 
transferring the foot from water at 25° to water at 35° to 40°, the pam was 
greater as the temperature was higher , 40° gave severe pam if the immersion 
was continued , the pam was of the type familiar to him and occurred as 
usual m the great toe When the foot was transferred from water at 25° to 
water at 40°, the pam usually began m 15, 20 or 30 seconds, grew m intensity 
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until at 1 to H minute* it Mas so severe that relief was required and obtained 
promptly (m a feu seconds) by rcimmcrsmg the foot at 25° The pain 
enured In heating came m much the same time, reached much the same 
severity and subsided w hen the foot was cooled, whether the circulation 
to the limb was arrested oi free Dependency or elevation of the limb dunng 
tho immersion tests failed to show any dccisivo difference 

A lumbar sympathectomy was followed by relief from pam for a little 
more than two weeks , pam then recurred in exactly' the same form, situation, 
and severity 

Comment The burning p un experienced m the toe of this patient with 
senile arteritis is interpreted as resulting from its inflamed state The 
tissues were in a susceptible condition, but the delay in the appearance of the 
pam on lintm rsmg the affected pirt in warm water, suggests that the nerves 
mvolw d in the reaction w« re more deeply seated than usual 


CASL S I tit nil no pain tn left font, v ith ci ulrnrc of curly thromboangcitu> 

obliterans 

E 0 , a housewife, of ‘•2 war*', had luen under observation for several 
yetrs for pun in tin left foot, present altogether for 10 years The pam 
started rel it iw ly abruptly m an attack m which the foot became deep purple 
and swollen The pun ult linattly became chronic , it was most noticed m 
the hot days of sunmur and t he n occurud c tell day within about one hour 
of rising and walking about It would become steadily worse till evening 
doing to lad rehew d it , it disappeared in one or two hours It was a 
continuous burning, sometimes throbbing when very lnd, it would begin 
m the dorsum of the foot over the biscs of the toes and would spread up the 
leg 

On examination the left fool was always found to be a little more highly 
coloured than the right , both feet, but especiallv the left, became more 
coloured when dependent Doth feet were habitually cool oi cold The 
left foot, was alway s colder than the right from the region of the mstep to the 
toes, the left great toe being usually only a degice or two abov'o room 
temperature Friction applied to t lie dorsum of tins foot, to the front part 
of the sole and to its outer edge, elicited pam, tho skin was not tender 
Tho veins of tho left foot were less prominent than those of the right, 
especially when both feet wero warmed by' nnmcision The dorsalis pedis 
pulsation was full on both sides, but only' tho right posterior tibial pulse 
could be felt clearly' A icactivc hy'porasnua test showed manifest delay' 
of tho flush m the toes of the left foot Resisted flexion movements of the 
foot gave pain m tho left calf, but none m the right The caso w as probably' 
one of thromboangeitis obliterans 

When tho foot vv’as transferred from water at 30° to 40° burning pam 
was felt over tho toes , at first this was considerable, but it decreased and 
vanished in 4 mm , tho foot being dependent The pam was described as 
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resembling her usual pain Burning pam was quickly elicited (m a few 
seconds) by applying the copper cylinder at 40° or at 0° to the more susceptible 
areas of the foot If a bath at 38° was used and a pressure of 70 mm Hg had 
been thrown onto the veins, a pain similar to that usually experienced was 
felt m the foot, and this was rapidly relieved by releasing the venous 
congestion If, when the pam was present m the congested hmb, a pneumatic 
counter pressure of 70 mm was thrown onto the front part of the foot, the 
pam was at once reheved, to return m about a half min ute if the counter 
pressure was removed These observations were many times repeated with 
the same result and are consistent with those described m other cases 
In this patient, however, the burnin g pam following rubbing of the tender 
areas of the foot continued without break from the time of the rubbmg for 
a period of about 1 mm and this time could not be prolonged appreciably 
by arresting the circulation to the leg It is mainly because the pam behaved 
unexpectedly and exceptionally m this respect that the case is mcluded 

General comment 

It has been shown that the skin, and it has been suggested that the 
underlying tissues, may present a condition termed convemently the 
“ susceptible state,” a state m which burning pam is readily produced by 
warmth, by friction, and, m the case of the foot especially, by dependency of 
the limb As has been described m a previous paper this state can be 
produced by damaging the normal skin m a variety of ways enumerated 
As has been shown m this paper a similar condition of the skin is found m a 
number of distinct pathological conditions or diseases , the cases here recorded 
do not fully illustrate the conditions m which similar reactions of the skin have 
been observed , they are found for example m septic infections of the skin 
and m erythema nodosum Because of the circumstances m which it arises, 
because it is often accompanied by redness of the skin and often by swelling, 
this susceptible state is known usually to be associated, or suspected to be 
associated, with local inflammation It is of theoretical, and of no less 
practical, importance that this peculiar state of the skin should be 
recognised, and that the group of symptoms to which it gives rise should 
come to be regarded as a syndrome characterising a definite form of local 
disturbance of the skin, and one that is not peculiar to the skm of the hmbs 
but may be found m other parts such as the face or chest 

Vasodilatation rx t he extremities axd “ ervthrohelalgia ” 

The term “ erythromelalgia ” introduced to us by Weir Mitchell (11) 
has never in fact received precise definition , we rely upon general descriptions 
or loose definitions drawn by inference from case records This lack of 
precision to some extent disarms criticism and makes the task of rearranging 
our knowledge in a new perspective more difficult It will probably be 
considered reasonable to state that erythromelalgia has come to be regarded 
generally as a disease found in one or more hmbs, and one in which attacks 
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of burning pnm nro induced by warmth or dependency of limb, and are 
ncconipnnicd In evidence of vasodilatation Nou thesvmptom burning pam 
occurring m just these on cmnstnnccs hns been dealt with m the preceding pages 
and m an earlier article, and we lime been brought to the conclusion that 
•mcli is to be regarded as significant of a local stato of the shin and not of a 
given disease This demonstration mil he found m itself scnouslj to under- 
mine am \alue the term enthromelnlgm nmj have been thought to possess 
In reading the reeords of cases published in the past under this diagnostic 
term and ineliiding with thtsc the reports of eases In Mitchell himself, it is 
to-dnv quite obuous that a number of distinct diseases have been confused in 
one diagnostic categon , and this has happened largoh because tlicj all 
piesent shin (or other supirfuial tissue) in what has here been callccl tho 
susceptible state One of the mo-.t notable instances of tins confusion is 
illustrated In the disi ise thrombo angc it is obliterans, there is no doubt that 
mam e asi s of t his malaelj and of ot he r forms of arte rial disease Jmv e not only 
pissid unre'e ognise d fot what then are, but have been included under the 
te rm e r\ thronie lalgia (13 Hand l.*») It is evident from this and from other 
inst lines that when a patient has eomplained of burning pun m a foot or 
feet and ospici.ilh when this pun has bte n provohed b\ hanging tlie limb 
elow n or in assoi mt ion w it b w armt li of t hi shin t lu olw rv i r lias been strongly 
impelled towards nfiiMtig the label of i rvtbroim lalgia, if redness of shin is 
present siimiltanimislv, and espeeiallv redness that deepens with dependency 
of the limb then this more complex nssoe mtiem is almost uimor-all} regarelcd 
as justifvmg the use of the tirm It will be ch ir, however from what lias 
gone be fou that burning pun in the limb eve n if indue cel in the well defined 
eireunistanee postulated, eamiot be regarded as a peculiar manifestation of 
one disease The full combination of symptoms, including redness, occurs 
when tlu shin is in w h.it has been termed the susceptible state, and the 
relevant svmptonis, tlurefoie, of neirlv all the pitients reported to be 
sulTe ung from ei \ tbionielalgia m the past, cm be interpreted quite riasonablv 
u]ion this ni'W basis, name 1\ , a peculiar state of the shin that is held m common 
bv a numbe'r of distinct eliseises Jt has further hi*en shown that this 
condition is not confined to the shin of the limbs, but niav affect that covering 
othii pints of the hodv and even mucous metnhianc The instance 
“ ei 3 thromelalgia ” is an interesting and important lllustiation of tho 
difliculties, which can arise out of tho attempt to lelentifv a hitherto 
undcscribcel disease upon tho basis of a group of svmptonis , tho method is 
sometimes unavoidable nnel when successful helps pi ogress, but when it 
fails it mnj impede progress I believe it to be in the interests of progress 
that the term " cr v v thromelalgia," or painful redness of tho lnnbs, should 
disappcai ns n term used to designate a disease, though it might be 
convenient to use the modified term “ crjthralgia ” simply to designate tho 
condition of painful ledncss exhibited by shin, whether it is found m the 
skin of tho limbs or elsewhere Each case presenting this syndromo should 
bo dealt with upon its own incuts It is especially important from the 
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practical point of view that they should not he placed in a single diagnostic 
category , the same attitude is equally important from the standpoint of 
investigation, once this investigation probes more deeply than the immediate 
causes of pam, and begins to explore the reason why the skm is susceptible 

In considering the term “ erythromelalgia ” there still remains to discuss 
the substantial question of associated vasodilatation, upon which in the past 
so much stress has been laid , it is necessary to enquire into the nature of 
vascular changes accompanying attacks of pam, and into their relation to 
this pam For it is upon the basis of vascular manifestations that the loose 
idea has arisen and grown that “ erythromelalgia ”, so-called, is a disorder 
of “ vasomotor ” origin 

There are several distinct questions to answer , and they have not yet 
been answered separately but have been confused Are the periods of pam 
accompanied by vasodilatation, and if so is this vasodilatation an abnormal 
one 2 When pam and vasodilatation occur together, are they integral 
parts of some form of nerve storm, or does one cause the other 2 Lastly, 
is there any evidence that, m the cases considered, dependency causes 
vasodilatation m a limb 2 These questions will be discussed, but, before 
attempting to do so, it is necessary, owing to the manner m which discussion 
has proceeded m the past, to define the term vasodilatation and to consider 
what evidence can justify us m concluding that it is present 

Evidences of vasodilatation 

The term vasodilatation can hold only one useful meaning m the present 
connection, namely, increase m the diameter of the vessels such as will 
mduce an increased bloodflow to the territory affected I am conscious m so 
defining it of departing from the strict meaning of the word, but believe it to 
be consistent with ordinary usage m this country At all events I shall use 
the word strictly m this sense 

Reddening of the feet on dependency The idea that a simple increase 
m the depth of colour (blood colour) of the skm proves vasodilatation in the 
sense defined is of course erroneous When the feet are allowed to hang 
down the pressure increases considerably within the vessels responsible for 
the vascular coloration of the skm , these mcrease m size, and the colour of 
the skm appreciably deepens This is quite distinctly so even when the 
skm of the feet is normal , it is conspicuously so when the minute vessels 
of the skm have been damaged and lack normal physiological tone The 
state of these min ute vessels m skm that has been damaged by freezing, 
ultraviolet hght, and similar causes has been studied closely, and their 
relatively toneless and irresponsive condition recognised (4) Sufficient 
here to say that if the dorsum of the foot is reddened by ultraviolet hght or 
by the application of such a substance as mustard oil, the phenomenon of 
reddening of the foot on passing from the elevated to the dependent position 
is conspicuously displayed Such reddening, immediately reversible as it is. 
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is inleipictnble ns n purely pnssiae effect and may not bo used in ovidcnco of 
nn nettle change , act this postural change m colour has been the most 
frequent evidence giaen for ansoddnlntion from the time of Weir Mitchell 
t o t he present dm 

Sometimes, im m Mitt hell's earl a reports, not onh the engorgement of 
the foot but its assumption of a rosa colour on hanging it doaan lias been 
emphasised This also m inadequate t\idencc of increased bloodflow, 
if the minute arsseh of the shin Inch tone, and the foot is cool or cold avhen it 
is hung down, thin bright redness of the shin mna bo expected to develop 
in the first mstimc, for the minute ns-tlq fill from the arterial sulc, tins 
i olour gradually giais plan to a nmri purple tint as t lie Mood, newly entered 
hut moMiig a ora slowh giais up an almormal pircentage of its oxagen 

Stulhnn of I hr mm Like the minute Mins, the Msdilc aems swell 
under hadrostatie pressure and tluir si/p as soon m the dependent feet 
is i out rolled <hull\ ba this pressure and by the temperature of the veins 
at the moment In the told foot the Mins of normal people swell a little, 
in tin warm foot t lie \ swill grcitla on assuming the erect posture provided 
that the limb is allow t d to hang tint id, as it usimlh dois when it is tender 
or puuful Swilling of the Mills, though so often eited is inadequate 
(Mill mu that \<ss<ls on tin nitii ml side h'iM dilitid 

Throhhiwi, (iml unmunlltt ] uih ft inprralurt , of If r foo' These two 
phitiomma and ispunlla tin 1 it t* r. afford the nio-t lommcing cMclcnce 
of aasodd.it it ion that wc |Kss>s, and onh st lti ments of this hind can be 
rolud upon in pist ntords with am ri il digrei of s-ifeta ns showing the 
blood How to the tissius to Inn bun considerable Emu so, caution must 
be ixonisid to (binunti nunmous statements tint rehr to subjectiae 
sens it ions or w hu h fail to dis< rinun it* tlu st* from what is felt ha the olweracr 
Wlun a i ise ri port ri kites that the foot Ineune burning hot in an attack, 
we inaa not conclude from this st it* me nt that it rose in temper it ure, for 
this is a foi m of dt si upturn often itstil ha pitients to dcseril>c a painful 
soils it ion Ac tin! timperat uit n uhngs uetlu most rth ihle of ana caidenco 

It is to cauhtui of throhlnng oi of he it, and to this onlj, that 1 shall 
icfet in the following piragraphs 

Pain mol nt'Otlilatahon 

Tlicio is ample eaulenei in the records of eases reported as “erathro- 
melalgia ” to shtiaa that m attache of pain the affected pirt is usualla found 
to be aaaim or hot, and eicc isionalla it is stated that the arteries of the 
affected foot tlnobhed, (Vulpmn ( 1 S), Mitchell (11), Murge (17), Collier (2), 
Broaan (1) and mam others) Thou* is thus good rei^on to belicae that the 
attack of pain mna he assoc mted a\ ith an abundant tloa\ of blood to the part , 
there is much intnnsie eaidence aho that this floaa is often far greater m the 
periods of suffeung than during the periods of freedom from pain, the lunb 
then being described ns cooler or as actually cold Broavn m quite recent 
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observations has noticed that pain is associated with temperatures of the 
feet about the level of 33°, indicating a corresponding rapidity of bloodflow 
But there is little or nothing m the past records to indicate that the tempera- 
ture of the part was greater than was natural to the circumstances in which 
it was observed, or that there was therefore at the time what might be called 
abnormal vasodilatation 

It is clear that the true relation between pam and the temperature of the 
affected part has escaped notice hitherto There is no evidence which shows, 
or really suggests that, in what is called “ an attack,” an abnormal event 
happens in the nervous system, central or peripheral, and causes an unusual 
discharge of vasodilator (or an unusual inhibition of vasoconstrictor) impulses 
on the one hand or of sensory (painful) impulses on the other The relation 
between pam and mcrease of bloodflow is a different one, and has been made 
manifest m the observations of this co mmuni cation and that which 
introduced it (8) The pam is preceded and is mduced by nse of temperature 
The skin is m an abnormal condition m which it is susceptible to certain 
temperatures , a rise of bloodflow, independently of the maimer m which it is 
brought about, suffices to bring the temperature to the requisite pomt and 
thus to mduce pam The pam is at once mduced by exposure of the hmb 
to radiant heat or by simple immersion of the limb m water at the requisite 
temperature , and this will happen if the circulation to the hmb has previously 
been arrested , it happens if the heat applied is limited to a small area of 
affected skm, but the pam is then quite local Here there can be no question 
of vasodilatation being concerned 

Pam brought on m a warm bed is due m part to the direct warming of 
the foot and m part to an indirect warming owing to the general and normal 
relaxation of the blood vessels , pam occurring when a patient enters a 
warm examination room from colder surroundings is due to the natural 
vasodilatation, which ordinarily occurs m response to such exposure Pam 
on walking a distance (as m Case 3) is due m part to the increased bloodflow 
and nse of temperature, which is a physiological reaction m the feet during 
that activity , but the occurrence of pam may be aided by mechanical 
stimulation of the foot (faction, etc ) and by its dependent position to greater 
or lesser extents 

When the normal relation of pam to temperature m susceptible skm is 
fully comprehended, a cntical review of past records discovers no observations 
relating to vasodilatation that are not mterpretable reasonably along such 
simple lines as these, and to the exclusion of abnormal reactions of the 
vasomotor system It is natural enough to find the hmb hot when it is 
painful, and even for the pulsation of its artenes to be increased, since 
warmth of the foot mduces pam and brings the foot m this state to be 
exa min ed There is some evidence that, when tissues of the feet are 
abnormal, the vessels of these tissues may on occasion dilate more readily 
than is normal , it is possible that this happens m response to fnction and to 



200 


T LEWIS 


walking on them, but this hits not been shown conclusively, and, on the 
theoretical side, there is no present need to postulate it 

There remains to discuss more closely the idea that attacks of 
\nsodilatntion arc brought about b\ hanging a limb down , this idea has 
long been held and lias plnjcd a prominent part m past writings 

The tffich of hanginq llic fool tlovn 

Mitchell stated (12, p 207) that whereas in 44 erjthromclalgia ” the 
tempi rat ure of the foot is apt to me when this is dependent, that of the 
normal foot falls It m right to add that lie thought that m some patients, 
perhaps m all when the dtsordi r has lasted long there is a fall and not a 
use of tempi rat ure He and his assistants used a surface thermometer, 
kept in contact with the skin of the foot for 10 minutes m the horizontal 
and in tin upright posture, he toutludis that the temperature of the 
dorsum and sole of the foot, in the normal subjict, is m the n\eragc 0 4 to 
1 0 r (’ ltss when standing than when lung In some of the observations 
the compirison was bitwun the foot rioting on a coiirh or hanging over its 
edge 

Normal fool On u r v am full} repeating the-e observations, using 
thirma! junctions, which respond r.tpidlv to timper.iture change, thc> aro 
found to have little value , the movenu nt of surface temperature is a small 
one and it nuv consist of a rise or fall when the foot is lowered The chief 
changes of temper iturc that oicur in observations m which the feet are 
exposed free!} to the air of the room are due to the draught ciuscd bv moving 
the fell fiom one position to the otlur wlnth causes a fall of temperature, 
and to difTeienees in the air temperature of the room at different levels, 
differences which are often conspicuous and mnv be in either direction 
To overcome these and otlur tirois the siibjcit has been placed, hghtlv but 
warmlv clad, lung on a special couch, which revolves on an axis from the 
horizontal to a vertical or to am interim diate position , the feet are boxed 
in so that a volume of an measuung about 1 cubic foot is carried with the 
feet from one position to the other To maintain this air at a sufficiently 
constant temperature, a few small ventilation holes are cut m tho box, 
which is fitted snugl} but without pressure around the legs above the 
ankles Tho testing thermal junctions arc fastened to the feet and are 
connected bv lends passing out from the box to the icgistering apparatus 
Numerous tests have been made with full pi coalitions upon a number of 
normal subjects, the tempeiaturcs of tho room have been about 20°, and 
of the an m the box about 21° oi 2r>° It lias been found to be very 
ncccssar} that the subject should be lesting and undisturbed bj conversation 
or b} movements of people about the room , for distiu bailees of tlicso kinds 
produce changes of gcncial vnsomotoi tono and consequent changes of skin 
temperature from time to lime But if piopei piccautions are taken, the 
tempciature of the air surrounding tho feet changing by no moro than 0 I or 
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0 2° over periods of an hour or more, then it is found that such changes of 
skin temperature as occur m passing from horizontal to vertical position and 
back agam at intervals of 10 minutes are too small and too inconstant in 
degree and in direction to possess any significance from the present pomt 
of view 

Stewart (16) encased the feet of a normal subject m a special calorimeter 
and measured the heat elimination from the feet when the subject lay supme 
or sat Although he says that the bloodflow to the foot seems to be somewhat 
greater when the legs hang down, his observations were too few to warrant a 
definite conclusion In numerous observations upon six normal subjects we 
have employed Stewart’s apparatus,* the feet rema inin g m the stationary 
calorimeters while the subject moved from lying to sitting, or lying to 
standing positions, or vice versa, with as little disturbance as possible The 
calorimeter temperatures used were 29 5° to 32 0° and the room temperatures 
21° to 25° , the subjects were hghtly but warmly clad When lying and 
sitting are compared changes in heat elimination are absent, or slight and 
inconstant m direction When lying and standing are compared, then heat 
elimination is a little reduced m the latter posture, probably because the 
circulation to the soles of the feet is obstructed when the weight of the 
body falls upon them 


Abnormal foot The observations upon normal subjects were carried out 
at some length, in the hope that when cases suffering from so-called “ erythro- 
melalgia” came similarly to be investigated, a clear comparison might be 
made and a contrast established Early m the investigations, however, it 
became evident that the usual phenomenon of flushing on dependency m 
patients has been misinterpreted , it is not a vasomotor, but a passive effect, 
as previously explamed Actually no case has been encountered m which 
flushing of the feet on dependency has been accompanied by a rise of 
skm temperature except occasionally and fortuitously (Case 2) The evidence 
of previous records must, however, be briefly reviewed from this standpoint 
We owe to Mitchell (11) the traditional description — “ When flushing 
is a part of the phenomena of this interesting malady, it comes on during the 
erect posture slowly in milder cases, and almost at once in others, and mvolves 
both veins and arteries The foot gets redder and redder, the veins stand 
out in a few moments as if a ligature had been tied around the limb, and the 
arteries throb violently for a fame, until at length the extremity becomes of a 
dark-purphsh tint In the worst cases, when the patient is at rest, the limbs 
are cold, and even pale The flus hin g, which, at first, seems to be an active 
condition, accompanied with nse of temperature, m a few minutes becomes 
passive , that is, the arteries cease to throb, the heat lessens ” This is his 
graphic description of 1878 , but when we turn to his contemporary case 
reports, confident of finding in these the justification of his general account, 
we are strangely disappointed TTis general description, so often repeated 


In these observations I enjoyed the assistance of Dr W Hess 
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by otheis almost m hi 1 ? words, is fni from being substantiated m its reference 
to the essentials, nninch, tliroblmig arteries and bent , it relics upon a 
meagre account of a case by Yulpinn (IS) nnd upon [Mitchell's personal 
account of a sailor (Ins Case 1) x\ho x\ns examined after unliving for an hour, 
nnd found to liaxe xuollm congested feet, m nlncli the arteries throbbed 
l/nmoix (3) -writing two xear- later, repeating Mitchell x description nnd being 
persuaded of the xaxomotor origin of the nialndx , brought, m support a single 
case, he said that the upriglit position ncccntuated the sxmptoms and 
raised the temperature of the foot but although ho gn\c many readings of 
temperature, there h no obsorxntion amongst them to confirm this last 
statement Mitchell m tiling a case (Case LYII1) m his booh (1807) refers 
to a rapid augmentation in the force of the nrtenal pulsation when the foot 
hung down, “ a true xnxc ular storm ” , but he took main measurements of 
shm It inpir.it ure from this pit tent nnd found this fell when the feet were 
pendent It is higlilx significant that Mitchell faded to comment upon this 
obxious disc rep nit \ In anotlur case (Case LIX) he found temperature 
le tilings higher in 0 2 to 0 W m the perpendicular ns compared with the 
horizontal position, \.ilm s similar to nnd in the same direction ns those found 
b\ Collur (2) in the r« port of his Case I Such difTtri me- arc m fact without 
significance, bung within the error of nu isurement In the methods used 
In Oolite r’x statenunt that the cold foot of his pitient became xer\ hot to 
tomb when hung clown anil in Mile lull’s inference that he could induce 
throbbing rcgularlx m a foot (Ca-c L\ 1) In asking the patient to hang it 
down,* wt come marc-t to grounds for suspecting that there max he xerj 
occasional cases m which dependent > l>rmgs increased blood flow to the 
n fleeted limb \\ e sc creh m xain, how ex c r, for w hat is required to coin nice, 

nninch a dclibciate statement that thiobhmg of arteries or a significant 
use of temperature was ob-entd to occur regularh whcncxer the 
limb was hung clown Hushing of the foot, swelling of the xems, and pain 
hnxe been shown during the pre-ent ob-cnations to appear when the foot 
is hung down, while the corresponding temperature reading* lmxc indicated 
that there has been no inert ise in the blood flow to the limb t is> qui e 
clear therefore, that if it is coireet to speak of tlus 0 sxmptoms as an 
attack ” induced bx dependency of t bo limb, x asodilatat ion cannot be regarded 

ns an (“.sent ml I«ri of ,t 1 think tlmt the otcnirenco of «u lensed b taidflon 

resulting from posture is a misconception, aiding first m Mitchells mn 
owing to Ins misinterpretation of the significance of passtxc flushing of the 
skm ^ and that his reiterated statement and the weight of Ins authority h 
led subsequent ohscixcis to the support of his xiew bx casual olwrxatioi 
which, had they been properly icpeatcd and eontiolled, would have 
interpreted difTeicntly and m a manner already indicated How oxer, 

W<1 , ... .« tnnToHUcnln 

SSSS ™ could b. induced n—h 

in 1 Ins < n'-o mux not bo drawn 
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summing up, it may be safer to say that increased bloodflow occurring in 
these cases as a reaction to dependency of the limb is at present unproved 
and can at most occur m very exceptional cases 

Whether ire regard this clause of reservation as necessary to provide 
for very exceptional cases or not, it is clear from the observational work of 
the present paper that dependency does not produce its effects ordinarily m 
this way, but that pain comes through an mcrease m the tension of the tissues, 
consequent on the hydrostatic rise of vascular tension within them * 

Thus the original questions (page 197) relating to vasodilatation are to 
be answered as follows Pam may be accompanied by vasodilatation but 
also occurs without it There is as yet no evidence that vasodilatation such 
as may be found to accompany pam is an abnormal vasodilatation for the 
circumstances in which it occurs At this point, however, it is to be noted 
that there is a suggestion that vessels in a susceptible area may be a little 
more than usually disposed to dilate to vasomotor and other influences , 
an abnormality of local response, be it observed, and not one of the vasomotor 
system Vasodilatation is not an integral part of the attack , pam is caused 
by mcreased temperature and this may be brought about by physiological 
mcreases m bloodflow or m other ways Lastly, there is no evidence that 
mcreased bloodflow is caused in a limb by hanging it down , there is 
evidence that pam so arising is provoked by hydrostatic tension m the 
vessels 

Pain i>* kayxatjd’s disease 

CASE 9 Baynaud’s disease , burning pain in fingers during recovery from 

attacks 

W G , a factory hand of 50 years, was seen m December, 1930, and 
related that for a period of six years his fingers had frequently become blue, 
cold and numb when exposed m cold weather, or when washing m cold water 
The five fingers of each hand were affected m this way The fingers would 
become blue at their tips at first, the discoloration spreading up and ultimately 
invading the hand as high as the wnst The feet were less affected, and the 
face unaffected Sore places appeared on each of his fingers from time to 
time and the nails of each of his fingers had been lost, but had regrown 

On examination the fingers were cold, a little swollen, and of a colour 
a little deeper than normal All the finger tips presented small depressed 
scars, least conspicuous in the case of the thumbs , the nails were short and 
rough On the tips of the 3rd and 5th left fingers were two small mdolent 
but healing areas of necrosis The skm over the distal phalanges was 

* The burning pain occurring on hanging a foot down is often preceded b\ an aching pain 
which the patient distinguishes and which perhaps proceeds from deeper tissues I have desired 
not to o\ erload this paper bv its consideration , but mav here state that this pam seems also to 
be the result of hydrostatic vascular tension, as corresponding tests indicate 
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nbnoimally rigid and tho corresponding joints could not be flexed fully 
Immersion of a hand m xxater at 15° for 12 minutes caused all the fingers 
to become deeply cjanotic , immersion at 32° then led to very slow recovery, 
succeeding parts of the fingers becoming bright red m colour over a period 
of 10 minutes 


The man’s chief complaint xxas of pain m the fingers during recovery 
from their attacks of discoloration Tho pain was stated to be under the 
nnils, burning in qunlit\ , sox ere, usually uniform in intensity, but occasionally 
throbbing It xvould last for so\cral minutes 

If an attack of discoloration xxas induced bj immersing tho left hand in 
cold -water (l r >°), and this hand Mas transferred to -water at 35°, distinct 
burning pain lasting scural minutes -was experienced m the 3rd and 5th, the 
inflamed, fingers The pain -was described as precisely similar to that 
experienced m ordinary attacks It was due, lion oxer, not to return of 
blood flow to the fingers, but to rise m their temperature The pain was 
experienced if the circulation was shut of! to the hand before renaming it, 
and if the circulator* arrest were maintained the pun would pass away in a 
ftw minutes Release of the circulation when the pain had passed away 
brought no recurrence . and no pain occurred after restoring the circulation 
to the hand maintained warm throughout circulator* obstruction The 
pun was induced onlx in the 3rd and 5th fingers, tlio-c presenting small 
unite ited necrosed areas Similar pain was induced In cooling and 
subsequent 1\ warming the 3rd finger bj itself If the water used to rewarm 
the finger was at 3S°, the pun was of increased sexontx and, if the circulation 
x\as not cut off during the oIm nation, throb xxas added When xxater at 
10° was used, the burning pun was suflicutitlx intense to make the man sob , 
t he pun w.is less intense if the circulation whs stopped to the finger during 
the re warming The pain lasted 2 to 3 minutes, disappearing gradually, 
rcnnmersion m cold water alxxaxs brought comparatixeh quick relief 
Comment and donation upon similar pain induced in normal fingers 
The obsorxations recorded show that sex ere pun in Rajnauds* chseise may 
result when the circulation to the fingers becomes restored after an attack 
of discoloration, the cold fingers rising m temperature as warm blood enters 
them This phenomenon was obserxed m our patient onlx in fingers that 
were Mill inflamed It is not to be inferred that the pam described is tho 
onlx form to which patients with Raxnaud’s disease are prone, though it 
is almost certmnh one of the chief forms, and perhaps the only severe form, 
of pain experienced Morcoxcr, it is not to be inferred that a prcxnously 
inflamed state of tho finger is ncccssarx, though, as this patient lllustra es, 


it pi cdisposcs to the painful reaction 

Similar pam can be induced m the fingers of normal subjects^ by using 
colder water If the finger of a normal person is immersed for o minutes 
in ice-cold water xnth tho circulation cut off to ensure adequate cooling, a 
it is then transferred to a bath at 3G° to 38° and tho Circulation released, 
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pain starts m about 15 or 20 seconds It is a burning pain, varying m degree 
in different subjects, but sometimes so severe as to be well-nigh intolerable 
It is felt under the nail, m the pulp of the finger, or more diffusely over the 
end of the finger , it continues unchanged, or may throb with the pulse, and 
declines, having lasted 1, 2, or more minutes This pam seems to be 
identical with, though it is induced less easily than, that experienced in 
Raynaud’s disease , as in the patient, it is experienced, though less 
intensely, if the finger is transferred from cold to warm water without releasing 
the circulation to it , and when present it is quickly relieved by re-immersing 



Fig 1 Chart of temperature readings taken by means of a thermal junction fixed and covered 
by strapping to the skm behind a finger nail The curve of temperature is the result of 
transferring the finger from ice cold water to water at 37° The black figute illustrates pain 
indicating its time of onset and offset, and the relative intensities Two observations are 
illustrated, one with the bloodflow to the arm free and the other with arrested bloodflow 

the finger m iced water In a number of instances the rate at which the 
temperature of the skm at the base of the nail rises has been charted m 
relation to this pam The charts (Fig 1) display the rise of surface tempera- 
ture , and it should be remembered that the effective temperatures are 
perhaps those of deeper parts Charts such as these emphasise the relation 
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of pam fo a steep gradient of rising temperature The pam often subsides 
and disappears ns shown m Fig 1 while the temperature of the finger is 
still rising The facts suggest a mechanism similar to that previously 
discussed We have insufficient evidence safely to formulate a hypothesis 
m detail There is only enough to warrant our discussing the pam m a 
preliminary w n\ It seems inadequate to regard the steep rise of temperature 
ns causing pain by its direct physical effect , for the finger that has been 
cooled and warmed and lias reco\crcd from pam is often hypersensitive 
fo warmth (10°) subsequent h , and it remains tender fo friction often for 
hours It is difficult to a\oid concluding that excessive cooling of the finger 
has damaged its tissue Another reason for the same belief is that if the 
finger is maintained m the n e-cold bath for 10 mm tho pain onrowarmmg 
with the circulation still arrested is much more intense, and lasts very much 
longer, than if the cooling lasts for f> minutes only , yet the degree of coldness 
leached must fie almost if not quite the same and so must the steepness of 
the rise of temperature m row arming , here the length of cooling seems to 
matter The pam oftc n lasts so long m the first ease (.1 or 1 min ) as to suggest 
that a released substance is held up by the circulatory arrest m adequate 
concentration to produce continued pnn in these circumstances There arc 
minor difficulties, however, in the way of tins conclusion There is nothing 
\iry heterodox m the idci that intense eold, as distinct from freezing can 
produce the necessary damage to oteision the release of the substances from 
the cells The same idea lias arisen from distinct fines of observation and 
argument on several occasions Thus supercooled skin that has not frozen 
may wheal subsequently (*») Another instance is the customary vascular 
i espouse which follows less seviro but prolonged cooling, which lias been 
ascribed to release of a histamine like substance (b) 

The pain here described, though similar m certain respects to that 
provoked m superficial lesions of normal skm, ns by ultra-violet light, follows 
immersion in warm watci after a much longer latent period (usually 20 to 
30 ns compared with 2 or 3 sec ) , this delav possibly means snnplv that 
the pain is derived from deeper structures and not from the skm In tho 
normal subject its localisation at the ends of tho fingers is not to be ascribed 
to the more rapid ic-w arming of these parts owing to their rich content of 
arteriovenous anastomose'-, since tho localisation is tho same when pam 
occurs in a finger to which the circulation is obstructed It is presumably 
due to somo peculiarity, such ns tho supply’ of nerves, in tho anatomy’ of 
the pulp of the finger and nail bed 

While the suggestion hero made ns to tho origin of pam must bo regarded 
ns very tentative, the observations nro perhaps not without interest m that 
they may help us to understand tho pam in tho fingers of Raynaud’s disease, 
in which tho inflamed condition of tho finger tips may bo regarded as 
predisposing to tho easy production of pam 
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Differentiating forms of tenderness 

To be able to differentiate clinically between tenderness (or soreness) 
of the skm when this results from the skin’s own susceptibility, and 
tenderness resulting from lesions of the central nervous system or of the 
peripheral nerves, would obviously be important From a limi ted experience 
of cutaneous tenderness in peripheral neuntis it would seem that this can now 
be done by simple tests Skm m the susceptible state is stimulated unusually 
by warmth (40°) , the tender skm m neuntis does not seem to be unusually 
affected by it If skm m the susceptible state is rubbed or stretched it 
becomes painful , this pam subsides and gives place to long continued 
burning pam after an interval The tender skm m neuntis responds to 
stimulation painfully, but this pam seems to end at once, or almost at once, 
with the ending of the physical stimulus It is suggested that these tests may 
ultimately be found reliable m differentiating the two forms of hyper- 
sensitivity , that they are valuable I can state from personal expenence, 
but they must be explored further before they can be used generally and 
with confidence 


General note on pain 

In considering the nature of pam, it may be said that much is known 
already about the forms of interference capable of mducmg it, and about 
the peripheral nervous paths conveying pam sensations to the central 
nervous system Much less is known about the manner m which the original 
interference excites the nerve endings, but this study has begun The 
following ideas are put forward, not as final conclusions from the studies of 
this and the previous paper (8), but rather as a basis for further discussion 
and enquiry , for it is already obvious that there is here a field of fruitful 
and interesting work 

When we consider the mechanism concerned m excitmg the pam nerve 
endings, it would now seem necessary from this standpomt to divide pam 
mto two distinct types 

There is pam of the first order, which is produced by physical agencies 
such as the brief application of heat, or by the exercise of tension Pam 
of this order can often be recognised by the shortness of the latent period, 
which intervenes between the application of the stimulus and the onset of 
pam, and by the rapid subsidence of pam when the original stimulus is 
withdrawn Between what we call the stimulus, m such instances, and the 
actual excitation of the pam nerves there may be intermediate physical or 
physico-chemical processes , it is even possible that m some of these cases 
stimulation is direct and m some cases indirect, a difference that would 
require a further and corresponding subdivision of pam , but if such inter- 
mediate processes do exist m instances of pam belonging to this first group 
then these must be rapidly reversible with the withdrawal of the stimulus 
In normal circumstances pam of the first order is experienced when the 
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physical stimulus, such ns hcnt or tension, is unusually intense , but pnm 
of the same order mnj he produced by physical stimuli ordinarily below 
threshold anluo, if the npproprinto ncracs have undergone preparation, and 
thereby have become unusually sensitive to stimulation The pain following 
at once, or almost so, •when superficial tissues arc punctured, incised, crushed, 
burnt, or severely stretched clearly belong to this first order Similar but 
noil-injurious stimuli, ordinarily belou threshold yaluc, are effective m 
inducing pmn from tissues that arc tender Transient pain arises from such 
tissues ulicn they are touched, warmed, or manipulated gently Such 
pains must also be regarded as lx longing to the first order Most pains 
concerned with increased tension, pain de\ eloping in a dependent limb, 
or pun which comes m throbs with the pulse (ns in disease of dcntnl pulp, 
or m cutaneous abscesses, or m certain forms of headache) can almost 
certainly all be regarded as belonging to the first order, and others such ns 
that dc\ eloped during the single strong or long continued contraction of 
muscle, somatic or \ tsceral, nun reason ibly be suspected to be of similar 
origin Thus it is apparent that in attempting to classify pain, ns tins is 
expinenced by patients, a \ery large number of different hinds of pain 
must be referred to this first grouping 

Pams of the second order are those that cannot be regarded as arising 
directly from the primary stimulus, but through a relatively stable 
intermediate process Such pain lias usually a more delayed onset, rising 
gradually to its summit, continuing for a period of minutes or longer without 
any appreciable change, and di timing aery slowly Continuing without 
appreciable change, it may he t<nn(d a smooth pun an important quality 
to distinguish Pam of this order imy he recognised definitely if it can be 
shown Hint the period of continuous pun is prolonged, the decline of pain 
bemg deferred, by arresting the circulation to the part from aaluch the pain 
is derived , for such an obs( rant ion shows that tin pain is dependent upon a 
chemical or ph\sico chemical state, aaluch the original stimulus hns set up 
and aaluch is irrcacrsiblc or stable in the absence of bloodfloaa to the part 
The first pain of this class to he recognised was that arising m somntic muscle 
working without blood supply or with inadequate supply (10) Angina 
pectoris, aahether arising spasmodically 01 as an immediate sequel to coronary r 
thrombosis 1ms almost ceitainly a similar origin, other examples anil 
doubtless come to light Such pnm is duo to a chemical or physico-chemical 
product of muscular aiork, accumulating during circulatory’ arrest, and 
dispersed aahon the circulation is restored Prom our present standpoint 
the precise nnturo of this accumulation is unimportant , ns botween tw’o 
of tho moro obvious possibihtes, tho accumulation of muscular metabolites 
and their subsequent romovnl by diffusion on tho one hand, or by oxidation 
on tho other, tho second, m tho light of recent ovidonco* scorns tho more 

probable 


* Unpublished observations by Pickonng and aVayno 
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Other pains of the same general order have been studied m the present 
senes of observations They have been shown to anse m superficial tissues 
like the skm, as after-effects of injury, such as burning They can also be 
provoked, in injured tissues that are tender but painless, by faction, by 
severe tension and perhaps in other ways (perhaps by raising tissue 
temperature) , but the pam considered does not come at once under these 
influences, it arises after a lesser or greater penod of delay, and then, 
characteristically, the pam waxes gradually and reaching its full value, 
continues for a long period (minutes or more) as a smooth pam, subsequently 
to decline very gradually The chemical or physico-chemical basis of this 
pam is clearly different from that underlying the pam developed m the 
working but ischaemic muscle , for although both are prolonged by 
circulatory arrest, the muscle pam vanishes much the more rapidly when 
the circulation is restored Clearly the two processes are different from each 
other , nevertheless m each case there is definite evidence of an intermediate 
process, standing between the original stimulus and the excitation of the 
nerve, the establishment of a chemical or physico-chemical state irreversible 
while the bloodflow to the part is m abeyance , it is to this that the time 
relations of the pains, which are probably characteristic, are to be attributed , 
and it is on this basis of evidence that the corresponding pams are placed 
together m one class, namely, m that of pam of the second order 

Chief conoi/ctsions 

1 “ Erythromelalgia ” is a term that should be abandoned as the 
name of a disease The term " erythralgia,” however, might be employed 
usefully to designate a peculiar condition of painful redness of the skm, 
which is common to a number of diseases 

2 This painful redness is due to a local condition of the skm, previously 
referred to as its “ susceptible state ”, it is often, perhaps always, inflamma- 
tory The skm of any part of the body, and mucous membrane, may be 
affected The chief manifestations of patients displaying this condition m an 
extremity are as follows — 

(а) The skm of the extremity is reddened, and this reddening greatly 

deepens when the limb hangs down The redde ning of the skm 
is the result of a relatively toneless condition of the minute 
cutaneous vessels, and the deepening of colour on dependency is 
due to passive congestion and does not signify vasodilatation 

(б) Burning pam is mduced whenever the temperature of the skm rises to 

a certain level, normally insufficient to produce pam , and this is so 
whether the heat is brought by increased bloodflow or is applied from 
outside The same pain may be mduced by extreme cold, local 
faction, or by tension When it comes during walking it is chiefly 
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the result of the wanning tip of the foot and of friction When it 
occur 4 ' in n limb allotted to hang down, it is due to hydrostatic 
ta^t ulnr It imon It is the simple relation of pain and temperature, 
■which is largely responsible for the erroneous belief that “ vasomotor 
storms ” foim an integral part of the condition from ttlnch these 
patients suffer There is no evidence that m tthat are called 
“nt tucks” a disturhante occurs m the central nervous sjstcm, such 
as Mould gi\e rise to an unusual discharge (or inhibition) of 
\asomotor linpulsts or of sensory impulses It is suggested, 
howcccr, that m tissues in the " sttset ptiblc state” vasodilatation 
maj be brought about a little more rc.idiK, or more conspicuously, 
owing to the state of these tissius 

3 There is no eudente thnt there is am appreciable change m the 
blood flow in the normal foot on changing it from a horizontal to a hanging 
down position A\ hen the weight is placed on the foot in standing, the 
blood flow to it sums to be a little demised Though reddening mnj 
occur, thoie is msunuicnt e\id(ii(( that increased blood flow to a limb can 
be brought on m pathological subjuts b\ allowing the limb to hang down 

t So ere* burning pain of in flamed finger*' m Kajnauds disease can 
be caused b\ the quick warming of finger-, occasioned bj a return of blood 
to lilt m when t hej art cold Normal lingers pre-ant the same phenomenon 
if the range of tempt rat urc change is suthcientlj increased 

."i Burning pain in tin* skm nun follow him stroking of the skin m 
some cases of urticaria fact it in, and the stroked skill is subsequent!) uniisualh 
susceptible to warmth 

0 Burning pain m all the circumstances discussed is considered to 
h.i\ c a snnilni underline basis, nanu h , the rolcasf from the damaged 
tissues of n natural substance, which nets on the pain none endings, lowers 
the threshold of these to tension, and to lit at, causing them to discharge pam 
impulses at times e\en undei ordinal \ conditions of temperature, etc 

7 (.Vitoria arc suggested for clifTei initiating between tenderness of 
the skm haung a local cause and that which is seconder) to disease m the 
central nervous system or peripheral none ti unks 

8 Considcied from the standpoint of mechanism theic seem to be two 
chief f oi ms of pain Pain of tho first older begins and ends with the origma 
physical stimulus to w Inch it is possibly a direct response Pam of the second 
order is more delayed m onsot and often outlasts tho original stimulus , 
this happens beenuso a relatively stablo mtoimodiate process, cicnnca or 
physico-chemical, intervenes, and is responsible for tho actual excitation o 

the nerve endings 
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VASODILATATION IN THE HANDS AND EEET IN RESPONSE 
TO WARMING THE BODY* 


By G W PICKERING and W HESS 

( From the Department of Clinical Research, University College Hospital 

Medical School) 


Although: the blood vessels of the feet have been less extensively studied 
than those of the hands, they appear to behave m a simil ar way Thus, 
when the body is warmed, the vessels of both upper and lower extremities 
dilate (7) , recently, however, we have noticed m studying patients suspected 
of peripheral vascular disease, that warming the body produces vasodilatation 
more easily and more consistently m the hands than m the feet In this 
paper it will he shown that this is also true of normal subjects and its explana- 
tion will be discussed 


Method 

Vasodilatation resulting from warming the body depends not on a 
reflex from the skm, but on the excitation of some central mechanism by 
the nse m temperature of the blood (9) The precise method used to raise 
body temperature is probably unimportant , two have been used 

In the majority of the observations here described the body temperature 
was raised by an immersion method, similar to that described by Gibbon 
and Landis (2) One forearm and the opposite leg of the recumbent subject 
were immersed m stirred water at 42-43 °C , the other forearm, bared to the 
elbow, rested on a cork mat, while the other foot, bared to the ankle, lay on 
a firm pillow 

In a few observations the warm chamber (7) was used, the trunk of 
the sitting subject being enclosed, while the forearms from the elbows, 
and the feet from the ankles, remained exposed, both pairs of extremities 
resting on cork mats 

The vascular responses of the extremities were usually studied by means 
of skm temperature, measured from the back of the distal phalanges of the 
exposed digits and from other areas described later The room temperature 
was recorded from a thermal junction m the air between the feet In 

* Work undertaken on behalf of the Hedical Hescarch Council 
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certain circumstances. Stewart's calorimeters (10, 11) nnrl pletlijsmographs 
were used 

The four subjects hero m\ obligated wore healthy adult males under 
20 jcirs of age , the characteristics of t heir peripheral circulation were not 
unusual, except perhaps m tlio case of P w hose extremities tended to be 
cooler than is usual 


/« i/r» uu/irs cool In the first senes of obserxntions the feet and hands 
had been imturalh cool for half an hour or more before the test was made 
The fee t uc re not uneo\c rod until beginning the obsenation After readings 
of shm temperature had been recorded for 10 or more minutes, the body 
temperature was raised 

Tlu results arc summarised in section A of Table I and illustrated by 
Fig 1 Table* I shows that a ris( of shm temperature starts m the fingers 
.t to 1 1 tnmiiUs after beginning to warm the bod\ . the rise follows its usual 
lour-i, (7) being slow at first and later more rapid In the toes the rise of 
tempi rituri be*gins later than in t lie fingers and is at first much slower, 
thus a rate of 0 1° per mm is at tamed more qmchh m the fingers than m 
the toes Tins fliffbrciuc in tin* tunc of onset of xasodilatation m hands 
and fett was olwneel in all subjects It was greatest m P m whom on 
one cut ision m a room at lt* c (’ the shin temperature of the toes failed to 
rise during 2 hours warming b\ the immersion method , in this observation 
the rittal temperature, measured In a standard mcrcurx thermometer, 
rose from .!(» 8fl c C at tiie beginning to 37 G C C at the end, and sweating was 
profuse during the Inst hour Another obsenation on the same subject is 
shown m Fig 1 Tin temperature s of fingers and toes were initially slightly 
below, and tended to follow, room temperature which rose slowly throughout 
At the 10th minute the* left arm and right foot wore immersed m water at 
‘13 C (J At the iSth minute the shm temperature of the right index finger 
began to use and, as always happens m normal subjects (7), soon reached 
a inch lex el at xxhicli it remained After the 7Gth minute the heel gradually 
became warmer, but the temperature of the toe did not begin to rise more 
sleeplx than that of Dio room until the SSth minute Tins rise xvas much 
Blower than that of the finger and at the I3Sth minute when the observation 
was terminated, the too temperature had reached only -9 S O ine 
obscrxations on the other subjects ngrcc with this m showing a delay c 
onset of vasodilatation in the foot, but m the other subjects, the rate of rise 
of to c temperature from 23° upwards was much fastei than m tho example 
gixcn, and proceeded ultimately to 32°C or more This illustration lias 
been used, bone, cr, because it slums that an apparently abnormal 
(incomplete) response may bo obtained from the foot of a normal subject 
ubon the extremity is initially cold In some subjects vasodilatation has 
begun m tho heel later than m tho too 
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TABLE I 


To show the time, after beginning to warm the body at which a rise of skin temperature 
begins in the fingers and toes In all observations except the first the body temperature was 
raised by immersing a forearm and a footm water at 43°C 





Initial temp 

Rise begins 

Bise+ begins 



Hate 

RT 

°C 

Fing 

Toe 

Fing 

Toe 

1 Fing 

Toe 

Posture 




°C 

°C 




Aim 


Sect A 

P 

22 8 32 

20 0 

20 8 

19 9 

3 

H 

3 

1 

1 

1 

23 

Sitting 

M 

8 10 32 

19 6 

21 6 

22 2 

5 


6 

n 

Sitting 

P* 

10 10 32 

18 5 

19 4 

21 1 

12 


12 

23 

Lying 

P 

28 11 32 

16 0 

17 2 

17 6 

9 


20 

>120 

I. ring 

31 

28 11 32 

18 5 

16 6 

IS 3 

10 

KB 

12 

21 

Lying 

Ho 

29 11 32 

18 5 

20 0 

23 2 

9 

13 

9 

15 

Lying 

He 

7 12 32 

15 0 

16 3 

16 5 

11 

14 

12 

19 

Lying 

P** 

19 4 33 

18 0 

17 8 

18 0 

8 

40 

14 

60 

Lying 

31. 

21 4 33 

17 0 

17 0 

170 

13 

21 

13 

29 

X-ymg 

Sect B 
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3L 

IS 3 33 

20 5 

30 6 

28 8 

2 

4 

2 

5 

Lying 


>1 

»» 

25 2 

23 7 

4 

5 

4 

12 

Lying 

Ho 

10 3 33 


20 8 

22 0 

8 

8 

8 

9 

Lying 

Pt 

19 4 33 


23 8 

23 7 

8 

14 

8 

14 

Lying 

M 

21 4 33 

jBtXH 

27 2 

26 5 

6 

14 

6 

16 

Lying 


* Foot m sock and shoe t Illustrated in Fig 2 


** Illustrated in Fig 1 I At rate of 0 1° per nun 



Fig I P April the 18th, 1933 Shows the temperature of the nght index finger, the left 
great toe and the left heel of a horizontal subject whose extremities had been naturallv cool 
for more than an hour previously The right arm was exposed from the elbow the left foot 
from the ankle, At the 40th minute the left forearm and nght foot were immersed in water 
at 43 = C In this and subsequent figures KT = room temperature 


Extremities recently warmed To see whether vasodilatation also begins 
m the toes later than in the fingers when the extremities have been recently 
warmed a second senes of observations "uas made 
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In these, winch nrc summarised b} section B of Table I and illustrated 
b\ Fir 2, the clothed subject had been WTapped in blankets enclosing two 
hot water bottles for an hour or more before the observation was made 
An arm and foot were then exposed and readings of their temperatures begun 
As Fig 2 shows, and ns was always observed, the toes under these 
circumstances are about 1° cooler than the fingers, sweating was more 
profuse on the toes After a preliminary observational period of 15 or more 
minutes the blankets were unwrapped and tho hot water bottles removed 
The fingers and toes began to cool simultaneous!} m all observations 
\\ lien the digits reached about 25 r C the body was row armed bj the immersion 
method Table T shows that undt r thc*e conditions also the response of the 
toes usual)} lx gins a little lnt<r than that of the fingers, but the dcla} is 
rathir less than whin the extremities were uiitialh cooler* The rate of 



J 2 V April llw* IPth, IPH After tho termination of the observation recorded m Fig 1 
tho hubject was vvrnpjied in blankets with two lint water bottles on the trunk for 1 hour 4S 
nun , win n tbori^bt arm and left foot wore expo-cxl as before nncl skin temperatures recorded 
At the 24th minute, the blanket s were unwrapped and tlio hot bottles removed At the 
02nd minute the left forearm and right foot were immersed at 43°C 

rise of shm temperaturo over a rango of 25 30°C did not differ from that winch 
was attained when the extremities woro cooler, except m the case of P, 
who now falls into line with tho other subjects Tho observation on tins 
subject recorded m Fig 2 was mado two hours after that recorded m Fig 1 
Fig 2 shows that after warming the body a nso of skin temperaturo was 
evident first m the heel, which was warmest, then m tho finger and last in 

• Table 1 shows that, when the response started, tho temperatures 0 f tho digits had reached 
as low n lev el in nomo observations of Seition B as m some of Section A , tho proMinnl portions 
of tho extremities, which cool more slowlj, woro consistently warmer in Section B than in 
Section A 
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the toe , in comparison with Fig 1, the rise m temperature of the toe is less 
delayed, more rapid and proceeds to a higher level As already remarked, 
this subject is exceptional in showing a slow and incomplete response from 
the toe when the foot is initially cool , when the foot is initially warm, the 
toe responds in the same way as do those of other normal subjects 

The delay in vasodilatation of the toe is further reduced when the 
initial temperature of the extremities is higher and is finally abolished at 
body temperature At such temperatures vasodilatation cannot easily be 
detected by measuring skin temperature and we have used Stewart’s 
calorimeters (10, 11) and plethysmographs for the purpose , plethysmo- 
graphy is the only simple method available at body temperature 

When a hand and a foot are simultaneously immersed in Stewart’s 
calorimeters containing water at 31 to 32 °C, then the vasodilator response 
to immersing the other arm in water at 42 to 43° begins slightly but 
definitely later m the lower than m the upper extremity (Fig 3) 



27 29 31 33 35 37 39 41 « 45 17 19 51 53 55 57 59 61 63 65 67 MlV 


Fig 3 Ho October the 2nd, 1933 B T = 19 5°C Shows the heat elimination in calories 
per 100 o c of tissue from the right hand and right foot which after preliminary immersion 
m a bath at 32°C for 20 minutes were placed m Stewart s calorimeters containing water 
initially at 31 4 and 31 2°C, respectively The left arm was immersed m water at 43“C at 
the 3Eth minute, removed and dried at the EOth minute, and reimmersed at the 60th minute 


Fig 4, which is representative, shows volume curves simultaneously 
recorded at 36°C from the forearm and leg of a normal subject The two 
curves are nearly parallel , the rapid reflex vasoconstriction, due to the 
stimulus of heat applied to the skm, and the later and slower vaso- 
dilatation, arising from the central excitation produced by the return of 
warm blood from the immersed limb (9), begin simultaneously in upper and 
lower extremity This observation confirms that made earlier by Muller (8) 
who, however, did not state the temperature of his plethysmographs 
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Dtsntssion 

The pUthwnographu cur\i> ju->t described show that when n forearm 
,s immer-i (1 m hot water, changes in remoter tone of l>oth reflex and 
central origin nftft upper and lowtr limb- *imultaneoinl\ end in a similar 
«.! ' Agam. « (IV 2) .hat » he, the had, „ cooled, the sk.n 

temperatures of the warm upper and loner oMrem.tiea begin to fall 
minultnncomh Thus it seems probable that alterations of temperatu o 

e^5s^SS55S2 

•vasodilatation in the tcet ? and lt s explanation requires 

t:ZX° TZTZTot local cold on vasodilatation , to a eo„,derat,on 

of ‘ n tta'Z^y u»- > •* 5 

warmed with the hands initmlh effect attributed to the local 

vasodilatation is dcln^cc m n ™J ncs ^ artC noles Similarly, with the 
constrictor action of cold on c _ tl0n is delayed in the cooler 

(eet initially at different tump™ ^ ““, 0^1 one d.g,t as the 
The delaying action of cold m#j oc xur 
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following observation shows A comfortably cool subject immerses one 
hand m water at 35°C for 10 minutes thoroughly to warm all the fingers 
The hand is removed, dried and a capsule through which water at 20 °C 
circulates (5) is fitted to the proximal phalanx of the mdex finger , the hand 
is exposed and temperatures recorded from the backs of the distal phalanges 
of the fingers After 5 to 10 minutes the body is warmed In 6 observation 
on 3 subjects (E T = 18-1 9°C) the rise of skin temperature began, on an 
average 4 minutes later in the cooled finger than m the other fingers Smce 
it is unlikely that the sympathetic impulses are so finely adjusted territorially 
as to affect adjacent fingers unequally, the delayed response must clearly be 
ascribed to the local action of cold on the vessels of the cooled finger We 
may say then that when the body is cool and the digits are cold the artenes 
and artenoles of the fingers are constricted, in part by sympathetic action, m 
part by the direct reaction of the vessels to local temperature If the body 
is then warmed, sympathetic tone lessens, the vessels widen a little and 
permit a stream of blood which, though faster, is at first insufficient to raise 
the temperature of the tissues Eventually, as the vessels relax, the 
temperature of the tissues rises a little, and this rise of temperature, acting 
locally, further dilates the vessels and temperature now rises rapidly The 
bloodflow must reach a certain minimum rate before the mam response 
begins Constriction of the vessels from a local cause, such as the direct 
action of cold will, m these circumstances, delay the beginning of the mam 
response to loss of vasomotor tone 

Now Table I shows that the delayed nse m the toes cannot be ascribed 
to a difference m the initial temperatures of fingers and toes, as these were 
not dissimilar We could, however, explam the delay if it could be shown 
either that the vessels of the feet react more strongly to local cold, or that 
the diminution of vasomotor tone m response to warming the body is less 
m the feet than m the hands No information relevant to the first alternative 
is available, but evidence m favour of the second will now be considered 

In the first place we have encountered no subjects, normal or diseased, 
m whom warming the body failed to produce a vasodilator response m the 
fingers unless the sympathetic nerves were divided or the vessels structurally 
diseased In many cases of severe Raynaud’s disease blocking the 
sympathetic impulses by ansesthetisation of the ulnar nerve fails to raise the 
skm temperature of the 5th finger (5) , m similar circumstances warming 
the body produces a full vasodilatation m the fingers (7) Warming the 
body thus seems to be more potent m producing vasodilatation in the upper 
extremity than can be accounted for by a simple removal of vasoconstrictor 
tone , for t his reason it has been suggested that the sympathetic nerves to 
the upper hmb contam vasodilator as well as vasoconstrictor fibres, the 
former bemg brought into play by a nse of body temperature (7) 

Secondly, in the lower limbs warming the body seems less effective 
than nerve ansesthetisation m producing vasodilatation In one of our 
patients, suffering from an indolent ulcer of the foot of uncertain etiology, 
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vanning the bach failed to produce a rise of skin temperature of the toes in 
repented trials , spinal nmcsthcsia, on the other hand, produced prompt 
and full vasodilatation Gibbon and Landis (2) state that m two cases of 

TA11LL II 

Rnbjut (( V Mn\ the 1 st um Subject clnd in phort trou«en nnd woollen xest hnd lieen 
Mttmk m ol» < mi turn room with linndi nnd feet exposed for 20 minutes before boinnning the 
oh t nation Ih then m»t in the front of the wnrm ehnmlier, the nrms oxpo«od from the elbow*, 
the ft** t from lh" mil h i Junrttori't wire fixed to th« nnd basn of the digits nnd to the other 
nn ns < tiiitiu rated 1 lie room t« mpernturo him measunxl b\ n junction plnrod between the feet 
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acrocyanosis, warming the body failed to produce a nse of 6km temperature 
in the feet, though the response when it occurred was normal We ourselves 
have repeatedly failed to produce a vasodilator response m the feet by raising 
the body temperature in one normal subject (P) when the feet have been 
thoroughly cold Table II compares m this subject the efiects of warming 
the body and of anaesthetising the posterior tibial nerve In a cool room, 
warming the body for 90 minutes raised the mouth temperature by 0 65°C 
yet failed to produce in the toes more than a transient and small rise of 
temperature cul mina ting at the 82nd minute * At the 120th minute, 
injection of novocaine mto the region of the posterior tibial nerve at the 
ankle joint produced a full nse of skin temperature of the toes 

These observations strongly suggest that warming the body removes 
only a part of vasoconstrictor tone from the feet, the remainder bemg more 
or less permanent unless the sympathetic fibres are blocked This partial 
removal of tone explains adequately the delay or failure of vasodilatation 
in the feet as compared with the hands For, when the extremities are cool 
and the body is warmed, the incomplete removal of sympathetic tone from 
the vessels of the feet is less effective m overcoming the local constnctor 
action of cold than is the complete removal m the case of the hands 

To determine the order of vessels concerned in delaying or preventing 
vasodilatation in the feet, we have investigated the local effect of histamine 

The effect of histamine Histamine punctured mto the human skm 
produces a dilatation of the minute vessels and terminal arterioles (6) , m 
the rabbit’s ear it also dilates the arteriovenous anastomoses (3), and Grant 
and Bland have brought evidence to show that the nse of skm temperature 
produced by pnckmg histamine mto the finger-tip is largely due to the 
opening of these vessels (4) 

Histamine usually fails to raise skm temperature when pricked mto the 
tip of the naturally cool toe If, when the feet and hands are naturally cool, 
the body is warmed and hista min e pricked mto the tip of one great toe as 
soon as the response of the fingers has started, then the rise of skm temperature 
begins m this toe 6 to 16 minutes earlier than in the remamder (3 subjects) 
This result was anticipated and is to be attributed to the summation of 
the vasodilator action of histamine with the vasomotor response to warming 
the body In one of these three subjects, P, tested on another occasion, 
warming the body failed to produce vasodilatation in the feet , the effect 
of histamine under these circumstances is shown in Fig 5 Histamine 
pncked mto the left great toe when the response of the fingers had started, 
produced a rise of skm temperature of 4 7°C, beginning m 3 minutes, maximal 
after 36 minutes, and then subsiding The temperature of the other great toe 


* This observation incidentally Bhows the small margin between response and no response 
from the toes for it is likely that the nse of skin temperature of the toes would eventually have 
gone to completion, had not a small draught been created by opening the window at the iStn 
minute The resultant increased heat loss from the toes was more than enough to counteract 
vasomotor relaxation and the toe temperature fell agam towards that of the room 
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followed room temperature until, nt the 62nd minute, histamine was pricked 
into its tip, producing a rise of 1 2 C C beginning m 1 minutes, maximal m 
10 minutes mid then subsiding 



it si ( nis clear that in this ol>**er\a(ioii, \asoddatation of the feet did 
not ris\dt from warming the bod% chiefh because the terminal \cssels, 
pi ohabh arte Holes, failed to open, when tliese \ew»ls were dilated bv 
histamine a risponst occurred The smallness of the response to histamine 
suggests that the pioximnl \ t ssels, though open, were not dilated The 
failure of the terminal ussels to open, and of the proximal vessels to open 
widolj when the both was warmed, is attributed to the loss of xnsomotor 
tone being liisuftieicnt to counteract the local constrictor action of cold 


Comment The difference m response of the fingers and toes to warming 
the bodj is of importance clinically It is eleax that m testing the patency 
of the \esscls of the lower extremities, an absent or incomplete vasodilator 
response to wanning the bod> cannot bo accepted as indicating structural 
disease of the vessels , an absent or incomplete response to nerve amesttiotisa- 


tion is of greater significance 

Finally, wo suggest that the unequal distribution of vasomotor tone to 
0,o upper and loner extremities is to bo related te the assumption of the 
upright posture ,n man Dr Grant tells us that in the rabbit warming the 
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body causes a simultaneous rise in the temperature of the initially cool 
hind and fore feet, though the rise m the hmd feet is less rapid 


Coxclusioxs 

1 When the extremities of normal subjects are naturally cool 
vasodilatation in response to vanning the body becomes evident m the 
fingers earlier than in the toes , exceptionally, vasodilatation may fail m 
the feet This difference m time relations of the responses of upper and 
lower extremities is less evident when these are warm 

2 The delayed response of the toe, as compared with the finger, is 
attributed not to a difference in time, but to a difference in intensity of the 
vasomotor relaxation m upper and lower extremities Warming the body 
produces m the upper extremities complete, m the lower extremities incom- 
plete, loss of vasoconstrictor tone 
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THE ALLEGED RELATION OF HYPERFUNCTION OF THE 
POSTERIOR LOBE OF THE HYPOPHYSIS TO ECLAMPSIA AND 
THE NEPHROPATHY* OF PREGNANCY 


By G W THEOBALD 

( From the Department of Pharmacology, University College, London, and 
St Mary Abbots Hospital, London) 


A raised blood pressure and cedema are two symptoms which are commonly 
associated with eclampsia, and it is natural that attempts Bhould have 
been made to explain the etiology of the disease in terms of two of its most 
striking accompaniments Hoffbauer, in 1918, expressed the view that 
eclamptic convulsions were due to anaemia of the brain resulting from an 
artenal spasm caused by the vasoconstrictor action of the hypophysisadrenal 
system Rossenbeck, in 1927, and Kustner, m 1928, brought cluneal 
observation to the support of this hypothesis, but it was not untd 1930 
that Anselmino and Hoffmann furnished experimental evidence, which 
they considered conclusive, in favour of the hypophysis being causally 
involved m the disease Two years later these writers, together with 
W P Kennedy, published a paper embodying a considerable amount of 
experimental evidence in support of the hypothesis that both eclampsia 
and the nephropathy of pregnancy were caused by hyperfunction of the 
posterior lobe of the hypophysis It is largely with this paper that the 
present communication is concerned 

The authors took blood from patients suffering either from eclampsia 
or the nephropathy of pregnancy and treated it in the following manner 
“ About 40 c c of venous blood is collected coagulation being prevented 
by the addition of 2 0 c c 5% sodium citrate, centnfuged, and 1 c c 
normal acetic acid added to 20 c c plasma This brings the plasma reaction 
to pH 3 9 — 4 3 as measured by the hydrogen electrode It is then filtered 
under negative pressure through a filter of acetac collodion till about two 
thirds of the amount pass through The ultrafiltrate having been proved 
to be protein-free, is kept on ice tall it is used, which should be as soon as 


* Bj nephropathy is to he understood, a diffuse non inflammatory affection of the kidneys 
associated with the passage of albumin, and often of casts, m the unne Most authorities are 
speed that the nephropathy of pregnancy maj develop into eclampsia and for this reason is 
often referred to as p re -eclampsia 
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albuminuria and oedema, will neither develop eclampsia nor die even if 
they remain untreated The contention of Yolhard that m these cases a 
rise in the systolic blood pressure invariably precedes alb umin uria has 
been proved to be untrue (Irving , Theobald, 1929) It is, moreover, 
well known that women usually suffer from constipation during the latter 
months of pregnancy, and this is particularly true of these patients If 
the nephropathy of pregnancy were due to posterior pituitary hyperfunction 
it might have been expected that the bowels would have been over-active, 
seemg that even 0 5 unit of “inf undin” (Messrs Burroughs, Wellcome 
and Co ) injected subcutaneously into a healthy man usually causes an 
evacuation Agam, it is generally accepted that in these patients the daily 
output of chloride in the unne is usually considerably less than the daily 
intake, whereas during the subsequent postpartum diuresis the converse 
is true (de Wesselow and Wyatt, 1924) If the unknown substance in the 
ultrafiltrate when injected into rabbits caused an increase m the percentage 
of chloride in the urine, it might have been expected that it would have the 
same effect in the patients from whom the blood was withdrawn It is 
unfortunate that the authors did not publish the quantities of unne secreted 
by their patients, nor the daily amounts of chlonde received and excreted 
both before and after delivery 

In spite of the improbability, as denved from preceding considerations 
of a causal connection between posterior pituitary function and the nervous 
and vascular phenomena associated with eclampsia, it seemed advisable, 
m view of the favourable reception it has received, that the work of 
Anselmino, Hoffmann and Kennedy should be subjected to critical survey 
In this connection three points of interest and importance emerge First, 
if the authors’ results are significant one must assume that in the post- 
pituitary extract used by them the relationship between the anti-diuretic 
activity on the one hand, and the oxytocic activity on the other, shows a 
general correspondence with that encountered m other post-pituitary 
extracts This assumption is indeed implicit m the estimates made by 
them Second, their hypothesis depends upon the pressor and anti-diuretic 
activities being distinct entities Bijlsma, Bum and Gaddum (1928) 
estimated the amounts of oxytocic, pressor and anti-diuretic substances 
present in four different commercial pituitary extracts and compared them 
with those present in a standard powder The amounts of anti-diuretic 
substance in the preparations did not run parallel with either the oxytocic 
or the pressor functions and the conclusion drawn was that the anti-diuretic 
effect of posterior pituitary extract was due neither to the pressor nor to 
the oxytocic principle The following sources of error may, however, be 
noted in the methods used by these and other authors (Molitor and Pick 
(1926), Anselmino and Hoffmann) for assaying the anti-diuretic potency of 
post-pituitary extracts (1) The pituitary extract is injected subcutaneously, 
thereby introducing unknown, incalculable and avoidable factors , (2) 

the extract is injected at the same time as the water is given there is 
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therefoie no guarantee tlml normal church would lmxc occurred if the 
ext rat t Intel not been injected , (4) no emphasis m laid on the ncccssitx for 
ndrntmg the h-ne, l>reno„s to the let, without which precaution, m 
our experience, no accurate nus„ % can he made It max therefore be 
c ow hided tlmt the method*. m> far med for the assaj of the anti-diuretic 
uhsPvnce are not suflit tenth accurate to determine whether or not tho 
Prohor and anti diuretic .utuitic- are domed from a common prmciplc 
I he last of the three points to wlueh reference has been made is that 
.\u»elnunn, HotTmann and Kenneth made no control obserxntions with 
the object of show mu tlmt the results thex obtained with their ultrafiltrates 
could with reason, lie attributed to the presence of piluitan aetivitx m 
the blood It j-, with this point that the experiments described in this 
pnper are chiefh concerned 'lhe\ were undertaken with a view to 
determining («) the minimum amount of posterior pituitan extract which 
would inhibit wute r-dniresis in man and in the dog . ( b ) the amount of the 
c'xtrnct which would raise the blood pressure m man, (r) the permeability 
of different collodion membranes to the anti-diuretic oxvtocic and pressor 
uctiwtus <>f the cxtrict , (</) whether nnx anti -diuretic actixitx is present 
in the ultratdtrate of blood withdrawn from eclamptic patients These 
iu\ c sturut ions will now be* described 



I'ig 1 Cure i i to t-lio.v no.x-.MtN tor ndmuu-tc mu. a Btaudardistxl li\ drntim; do«o of Nvatcr 
Cure o A s n -poiiM* to 2 r »0 o o \rat. r nl tho end <»f tin-. {K.rio<l n further do-o of 2.10 e c 
of NNiiO r was giN.n, tho output King npr»-..mod b\ Cur\o II X\nt«.r was m the trough 
in tho iii.i Ik fore the o\p. runout was < omuu next ho tlmt tho animal \ons pn.-.unmhh not 
tlursiN CoiiNinU. lunutnls lm\c Kvn olK-eried to drink Nvntir When ntumed to their 
enu ■» Imlf nn hour iift< r r. .. in tng 2.10 c t of watt r throueh tlio t-tonmeh tube It t* CNidont 
tlmt u in. is tire of .f.ltN drat ion of the tis.«.\u •. occurs apart front producing n sensation of 
thirst On enoli oo< nMiin tho wilt. r Nfas pun nt zero tune Ordinate, each point ropro-ents 
the iiinount of urine rot.xl in tho preceding 10 minutes and expressed lit cc Abscissa, 
tune in ininutis mid hours 

A The minimum amount of poiteuor pituitan/ citract ulnch inhibits 
iiatci-dturcsf'* tn man and in dog « The results obtained m dogs will bo 
recorded first Bitches on which a plastic operation exposing tho urethral 
orifice (Ixlisiocki, Ptckford, Rothschild and Verncx , 1*13.1) had been performed 
woro usod Two bouts after nn animal had been gixen a standard dose of 
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250 c c of tepid water through a stomach tube, it was placed m a PavloT 
stand A soft rubber catheter was introduced into the bladder and the 
urine collected in a graduated glass cylinder, the amounts being recorded 
at ten minute intervals When the urme-flow had returned to its resting 
rate, a further 250 c c of water w ere a dminis tered in a s imil ar manner 
(see Fig 1) About one hour later, near the peak of diuresis, the posterior 
pituitary extract was injected intravenously * The preparation used 
w as “ mfundin ” (Messrs Burroughs, Wellcome & Co ), its oxytocic content 
being standardized m international units, in fractions of which the doses 
injected are expressed Seveial boxes of the same batch of extract -were 
obtamed and kept in cold store until they w ere required Five uni ts of 
“ mfundin ” were diluted in physiological saline solution to make 10 c c 
From this dilution 1 c c was taken and added to 9 c c of saline solution, 
and in hke manner successive dilutions were made, the standard amount 
injected bemg 1 c c 

Three types of interruption in the diuresis curve may follow the 
injection of the extract (1) Maximal inhibition, the urrnaiy secretion falling 
to less than the normal resting rate and remaining at this level for a prolonged 
though variable period of time , in all such cases the unne is found to contain 
albumin and frequently blood during part or the w hole of the period of 
inhibition (Fig 2, curves A and B) (2) Minimal inhibition, the rate of 
urinary secretion falling to approximately the resting rate for a few minutes, 
and then gradually increasing until an hour later it again reaches a maximum 
which may be little less than that which obtamed at the peak of diuresis 
(Fig 2, curves C and D) (3) Partial inhibition, the rate of unnary secretion 
either falling slightly for a few minutes and then returning to the normal, 
or falling to perhaps half the usual rate and remaining at about that level 
until diuresis is complete 

It was found that if the tissues of the animal were hydrated in the 
manner described, and the extracts were mjected intravenouslj at 
approximately the same rate and at about the same interval of time after 
the second dose of water had been given, t the amount of “ mfundin ” 
necessary to cause minimal inhibition of diuresis was remarkablv constant 
for each animal, but varied m different animals from 0 0005 to 0 01 umt 
(Figs 2 and 3, cf Winton, 1931, page 160) The amount of “mfundin” 
necessary did not, however, bear any obvious relation to the size of the 
ammal, for one of the smallest dogs required the largest dose, while the 
largest dog w as sensitn e to the smallest amount 

* Intra%cnous injections were made into the dorsal metatarsal \ ein through a \en fine 
(Xo 20 of smaller) hypodermic needle The dog stood quietlv in the stand during the injections 
and on no occasion Was any emotional disturbance produced b\ them Moreover the absence 
of an\ effect on the rate of urine flow of injections of phvoiological saline has been demonstrated 
repeatedly 

t Smaller amounts of 1 mfundin ' sufficed to cause minimal inhibition if the injection was 
made some time after the peak of diuresis was passed Conversed larger amounts were 
necessarj if more than the standard dose of water was gi\en 
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varied from 0 005 to 0 01 unit, although in one man 0 0005 unit sufficed 
In the practical classes of this department 0 5 unit of “ mfundin ” is injected 
subcutaneously after a student has swallowed a litre of warm water, and 
experience with considerable numbers of men and women students shows 
that diuresis is thereby invariably inhibited for at least three hours 
It was also found that 0 05 unit of “ mfundin ” injected intramuscularly 
caused maximal inhibition of diuresis, although no attempts were made to 
measure the period of time for which it remained effective It was thought 
possible that a w oman towards the latter end of pregnancy might be more 
tolerant to posterior pituitary extract, but even here it was found that 
between 0 005 and 0 01 unit of either “mfundin” or “pituitnn” (Parke, 
Davis & Co ) sufficed to cause minimal inhibition of water diuresis, a range 
of dose corresponding closely with that found in normal man and in dogs 
(Pig 4) 



Fig 4 Diuretic responses of pregnant women, within two weeks of term, to 750 c c of water 
by mouth 0 005 unit “ mfundin ” was injected intravenously at F, curve D , 0 005 unit 
“ pituitnn ” at F, curve E , 0 01 unit “ infnndin ” at F curves B and C Xote the 
conspicuous differences m the degree of response to water m apparentlv liealthv pregnant 
women A = diuretic response of male student to 1,000 c c water bv mouth 0-01 unit 
“mfundin” being injected mtra\enously at F On each occasion the water was guen 
at the time the curve begins Abscissa as in Fig 1 gr Ordinate as in Fig 1 except that 
the unne was measured at 15 instead of 10 minute intervals 


B The amount of post-pituitary extract necessary to raise the arterial 
blood pressure m man and \n dogs Oliver and Schafer, reported in 1S95, 
that extracts from the pituitary body when mjected intravenously into 
anaesthetized animals caused an elevation of the blood pressure and a 
sbgbt slow mg of tbe beart rate Even large doses of this extract, howcier, 
failed to cause the same rise in the blood pressure as a small dose of idrenalm, 
although the effects produced lasted for a longer time All subsequent 





O. H THEOBALD 


non 


\unk Imv cnnhtmed those original obsorxnfions and it is generally agreed 
that post pitmtnrx p\liml when injected subcutnneouslx or intramuscularly 
n*< no efTut on tlu* blood pressure There i**, hou ex or, a considerable 
ixprgetue of opinion comerimig Mu* effects caused by the injection of post- 

.J .. .1 . a i t « . • . ■ 1 » A a 1 


\ ■ • »/* * \ « tun ^ A ■ • » J y% ^ I • ( inn ^ I 'W ly, V <4 ll Ml/I ^ f J j 3 

and Mihlo ( Ifelxtlle ( I '»*{{) ) allows hut one nncqnn ocal fact to 
Mill roe It i t In* irnpo ->il»ilit \ of causing n marked clc\nlion of the 
art i rial blood pn -am ithoxothc nornml m man or in dog** b> the uitrax enous 
mjntion of pi> t pit nit an extinct, for if lntg< amounts of the extract arc 
injdtid the blood pri -siiri bills and death mnj ensue The extract 
lon-'lrats tin loronan \ < 1** and at cording to Leschhc (lhlO) causes 

‘ mo aura ulm bloi 1 Moderate dilations of both systolic and clinstolic 
blood pn sim s max be t utscd l»\ relatixelx small doses of the extract, 
but oul\ if it be injei ted intraxc notidx Sacks (1*)2I), how ex or, using the 
< utl uu t hod on a number of \oluntens, reported that the subcutaneous 
mju turn of from <> '» to l <> i t of tnfundtn ” caused a transient rise of blood 
pn -uri , u ha h couimemcd at the end of the first minute and reached its 
maximum in three minutes The ax oruge rise in tho systolic pressure 
uas •> mm and m tlu diastolic 12 mm , it max he added, m parenthesis, that 
.Sacks found that infuucliu " conspiuimish decreased the rate of oedema 
formation 1 ha\e injected 3 units of “ jnfuntlin ” into one student, 10 
units mto two others and 10 units of “ pituitnn ” into a female patient 
nil the mice turns hung intramuscular, and on no occasion was any sigmhcan 
change in cither the sWohc or the diastolic blood pressure detected 1 
Imxc further been unable to detect am change m the arterial blood pressure 
after the intrnx enous injection into man of amounts of ‘infundm which 
cure sufficient to cause minimal inhibition of u nter-cUuresis Tor th 
nurpose of tins paper it suffices to assert that thoic is no experimental 
ox id two to justify tho assumption that tho post earn pit uitarj pressor 
substance could elcxntc tho sjstohc blood premie fiom the normal to oxer 
180 nun Jig and maintain it at that lex el mdefimteh , x\ lulc all the axadahle 
evidence goe o shoxx that no marked cloxation of the blood pn»no o» 
le cZln* post -pit mini \ cMtacl, (o, .1 huge amounts of the extract are 
used the blood piessmc falls incontinently *>o\\, Anselmino, Hoffmn 
and Kcnncclv found that tho ult infiltrates fiom tho blood of patients whose 
picssuro exceeded .80 torn Hg .too . * 

annisthcti/cd mbb utxmx »„ 26 mm Hg 
tho protocol published 12 c c of tho u Ural n.rue ^ ^ #ft#r tho 

m tho blood pres,mc, t"ic^ uas ^ ,| l0 su boutnncous iniection of 

;r.“ rrr;." 

sss - . ryssi s. — — 



PITUITARY AND ECLAMPSIA 


233 


from the gland that “ this difference is not an important one ” Seeing 
that all that is known about posterior pituitary pressor activity is known 
as the result of experiments made with extracts made from the gland, the 
authors can hardly expect this suggestion to meet with acceptance What- 
ever may be the cause of the rise in blood pressure found experimentally 
by them it is clear that they were not justified in ascribing it to post- 
pituitary pressor activity 

C The permeability of different collodion membranes to posterior 
pituitary extract The first set of experiments was made with alcohol-ether 
collodion bags The preparation used was Celloidin (Schenng) of which 
16 g w ere dissolved m 225 c c of absolute alcohol and 75 c c of ether The 
bags were made at room temperature on a revolving, slightly tapermg 
glass tube, the layers being apphed at 10 minute intervals After the 
requisite number of layers had been apphed, varying from 4 to 8, the tube 
was kept rotating for one hour before being immersed m tap water It 
was left in this overnight, after which time the removal of the bag from 
the glass tube was a simple matter The number of layers apphed determined 
the strength but did not significantly alter the permeability of the bag 
One c c (10 units) of “ infundin ” added to 9 c c of physiological saline 
solution was introduced into the bag, and filtered under negative pressure 
supphed by a water pump On no occasion did the ultrafiltrate, even up 
to a volume of 3 c c , contain an amount of anti-diuretic activity which 
could be detected by the method on dogs described above In order to 
make the bags more permeable, the interval between applying the layers 
was reduced to 8 minutes, and the final time of drying from 1 hour to 
half an hour The bags so made remained equally impermeable to the 
anti-diuretic substance On a few occasions the oxytocic and pressor 
activities of these ultrafiltrates were tested and found to be absent In a 
private communication one of the authors (W P K ) stated that the filters 
he used were made by r unning a 10 per cent solution of collodion in glacial 
acetic acid into a sintered glass Buchner filter Five units of “ infundin ” 
were therefore added to 9 5 c c of physiological saline solution and passed 
through such a membrane Each cubic centimetre of the ultrafiltrate 
contained less than the anti-diuretic activity associated m the original 
extract with 0 01 oxytocic unit On one occasion 5 units of * i nf u nd i n ” 
were added to 9 c c of blood plasma, w hich w as acidified with 0 5 c c of 
normal acetic acid, and passed through an acetic collodion filter The 
ultrafiltrate on this and on other occasions contamed no appreciable amount 
of anti-diuretic substance (Fig 5, curves A and B) Finally, an “ Ultra- 
cellafilta ” membrane, grade “ Fein,” 9 cm in diameter, was used m a 
Zsigmondy filter-apparatus, and it was found that the protein-free ultra- 
filtrate of “ infundin ” m physiological saline solution obtamed under 
negative pressure contamed considerable amounts of the pressor and anti- 
diuretic activities Its oxytocic content was not investigated This 
membrane is advertised to hold up benzopurpurm, which has a molecular 
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u lit of about Mm || w . permonhihh 0 f Am membrane to pituitary 
vt.aot haung bun demons! rated 10 units of “mfundin 5 were added 
‘ < of Mood (« itrntc 1) withdrawn from pregnant women The blood 
\ “» H| 1 ‘ « “f normal acetic acid was added to 20 c c ol 

Jb. pborna, win, h ttiw then pn^ed through the filter Assuming the 

f| ltl 7 ,m V‘ m tU ' l ' h ' mn ,l,ul ftl1 <’ f actmtj to pass through 

he (ilt< r, « u h .Uh „ Mntnmtrr of the ultrafiltrate should luuc contained 
ttie mill d.UMtu m 1 1\ it \ fts.,Hinttd in the original e\t rat t with 0 4 oxytocic 
mut It will he m* n from I-ig nine 1) that 1 c c of the ultrafiltrate 



1 i. ' \ clmw i th * nl» tici' of i Cl i\ * on vntersliun.^1- of the injection of 1 c c of ultrafiltrate 

(n • in «< llivlmn tilt, r) fr«>m plavum ronfnuunc 0 2 unit of * mfundin ” per ce , B, that 
of th ' inj« tioii of 1 re iiltr.ililtriti (n« lie collodion filter) from the plasma of human 
!•’ vxl tut in dunm, pr»„*nani\ nn<l contnininj, 0 2 unit of “infumlin” per cc of blood, 
V rh m i the inhibition produced In tin* injection of 1 r c ultrafiltrate (Cellafiltn) from plasma 
to 10 r « of which unit of " infumlin " had Ivon ndde<l , and D that produced b\ the 
injstini of 1 t r utlmfiltrati (C< llnfiltn) from the plasma of blood to 50 c c of wlncli 
II) urut*i of mfundin ’ had Ins n addl'd 1 ‘hows the inhibitor! effect of 0 02 units 
mfundin * XII mji. turns ivi re mndi uitnn«noud\ nt F I'acli curve is the response 
m th« do.* to 2*i0 r e witir gi\m b\ stomneli till* nt the time the curve begins Ordinnte 
and nl>< i- a ns in I it, 1, <] t 

contained less than tho anti-diuretic nctuitv associated with 0 02 unit 
Similar results were obtained on several occasions By washing the red 
blood corpus-ties with philological "ahne solution, centrifuging, and passing 
the sujiernntant fluid through the filter, it was proxed that a considerable 
proportion of the nnti-dnirctic actn it\ had been adsorbed by tho corpuscles 
.Sinnlnrh it was possible to show that some of tho activity had been adsorbed 
1>\ the proteins of the blood plasma 

]) The ultrafiltrate of blood withdrawn from eclamptic jxiticnts At 
the conclusion of theso experiments it was decided to determine whether 
am niiti-diuictie nctiutx could bo demonstrated m tho ultrafiltrate of 
blood withdrawn from a patient suffering from eclampsia The plasma 
obtained from two such patients was filtered through alcoliol-ethor collodion 
bags, and on each occasion ,1 o c of tlio ultrafiltrato ncro found to contain 
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an anti-diuretic activity roughly commensurate with that present m 
0 005 unit of “ inf undin ” (Pig 6) One htre of the patient’s plasma would 
therefore have contained as much anti-diuretic activity as is present in 
from 1 5 to 2 units of “ mfundin ” The anti-diuretic substance present 
in the ultrafiltrate w as unstable, for although it w as kept m the ice-chest 
at a temperature below 0° C , most of its activity had disappeared when 
tested a fortnight later * There can be little doubt that this was the sub- 
stance found by Anselmmo, Hoffmann and Kennedy, and seeing that it 
passed through a filter known to be impermeable to all three activities of 
“mfundrn,” it could not have derived from the posterior lobe of the 
hypophysis It is possible that it may prove to be identical with the anti- 
diuretic substance extracted from the liver by Theobald and White (1933) 
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Fig 6 To show inhibition of water-diuresis by the intravenous injection of 3 c e ultrafiltrate 
from the blood of two eclamptic patients The filter used was impermeable to the 
anti -diuretic activity of post pituitary extract Injections were made at U Ordinate 
and abscissa as w Fig 1, q v 



Discussion 

Hyperfunction of the posterior lobe of the hypophysis could not account 
for the syndrome of eclampsia, but only for a diminished secretion of unne 
and a small elevation of the blood pressure, signs which are frequently but 
by no means invariably associated with the disease, w bile leaving unexplained 
the fact that the patient suffering either from the nephropathy of pregnancy 
or eclampsia almost invariably suffers from a true retention of chloride 
and constipation It has been shown that in pregnant women near term 
the intravenous injection of from 0 005 to 0 01 of a unit of either mfundin 
or ‘pituitnn” inhibits water-diuresis at its peak (Fig 4), when t he con- 

* The anti-diuretic activity has not disappeared so rapidlv from other eclamptic blood 
ultrafiltrates which hat e been tested more recently I should here like to take the opportumtj 
of expressing mv gratitute to Dr 1\ H Oxlev for sending me material irom toxaimic 
patients under his care at the East End Maternity Hospital 
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rent ration of nnti-dimcttc substance in the blood is presumably minimal 
Most women MilTerinc fiom the nophropathx of pregnancy respond, although 
to n diminished degree* to the ingestion of water, while the response m 
normal women near term is usimllj xcr\ much lower than in the non- 
pregnant sinte If the peist-pihntarx water diuresis hxpothcsis developed 
l»\ Klisuihi, l'nhbml, Rothsihild and \erncy (1*131) bo accepted, it 
follows that m man the pregnant woman not excepted, the normal -variation 
m the amount of ant wliuretn substance in the blood would ho represented 
h\ not more tlmn t part of ‘ infmidin ’ (10 units per c c ) in .ixlO 6 parts 
of blood and that tins amount of substance must disappear from the blood 
In fore water elutre si» uni muir normulU Further, if the diminished renal 
response to the ingestion of water associated with the nephropathy of 
prtguam \ be <iuimU\ ns oemted with flic posterior pitmtnrx glnnd, it 
< ottld be exphutuei hx postulating either the partial failure of the mechanism 
u Inch uihm the eiisappe irame eif anti-dmretic substance from the blood, 
or b\ 'in me re* i**e of tins substaneo in the blood oxer the concentration 
normalU [»rt -< ut at the height of wftter-eluirtsis, h\ an amount not greater 
than that pn-ent in 0 01 unit of * infundm ’ Aiwlmmo and Hoffmann 
were un ible to dote e t am anti-dmretic attt\ it\ m blood withdrawn from 
htiltln pregnant women, and the following calculation makes it evident 
that tin* excess of this principle oxer that normally present at the height 
of water diuresis ami snfluient to cause its immediate inhibition, could 
not be detected b\ the method mod h\ them Assuming the ncpliropathic 
nit tent to possess' r. litres of blood U follows that not more than the anti- 
el, uretu lie tix it x associated with tO/oUOt) x 0 01, or 0 0000S of a nmt m excess 
of the not mnl threshold tan he pic>ont m the 40 c c of xenous blood 
drawn, nnd k-s than half that amount in the 10 cc of ultrafiltrate ejected 
In the authors assuming that there was no loss Seeing, how oxer that 
oxen when the emieentration of ‘ infundm ’ in tlio plasma is x cry high, 
no appreciable amount of the anti-diuretic substaneo passes through ti 
ncet it collodion filtm,it isexident that the amount of anti-diurotic substance 
the ultraiihiate when the original plasma onlx contained nil excels of 
,1 ms f i n would he infinitesimal Taking into account the high 
0nmSO ‘ \ ‘ nost-mtmtnrv nnti-Uiuiotio substance the assertion of 

elusion of Bul-mu, Bum and Gadd. m tW H,o anh ^ ,Ue.plc 

intuit un cM.nct ■- *» no, her to , ,l “ '“7, ZorsZnnoos were present 
Theso authors fonn.l that tho "M 1 " ,f 0 , ls |„ u i proportions Although 

... four cc.mmo.cal oM.acH m rc - > ^ J tcdj tho antl-dmicho 

tho o\j toc.c and p.c«or f'” 01 ' 0 amounts of nntl-dmretie 

follow lug flic p.c--o. p. inciplo, 1 luno lounn 



PITUITARY AND ECLAMPSIA 


237 


substance in three different post-pituitary extracts to be very constant 
notwithstanding the fact that “infundin” is only standardized in oxytocic 
units This conclusion agrees with that reached by Bum (1928) Since it 
requires a much larger amount of post-pituitary extract to cause a significant, 
albeit transient elevation of the blood pressure than to inhibit water- 
diuresis it is somewhat asto nishin g that the posterior pituitary gland does 
not contain a much higher amount of the pressor substance Indeed, 
unless it can be shown that a larger proportion of the pressor than of the 
other substances is lost during extraction, it raises the issue as to whether 
the pressor substance is m fact normally concerned with pressor activity 
in the body The facts that it constricts the coronary vessels and depresses 
the heart muscle, that the intramuscular injection of 10 units mto man has 
no effect on either the systolic or the diastolic blood pressure, and that its 
intravenous injection into unansesthetized dogs causes a fall in blood 
pressure unless relatively small doses are given (2 units) tend to support 
this doubt Indeed, it might be advanced with reason that there is no 
reliable evidence in favour of the view that the pressor and anti-diuretic 
substances are distinct, and there is no evidence that the different activities 
are ever secreted in widely varying proportions It has already been 
pomted out that the hypothesis under consideration of necessity postulates 
these two assumptions, and must, apart from all other considerations, fall 
to the ground if they are false The hypothesis, how-over, is finally 
disproved by the fact that the anti-diuretic substance present in the ultra- 
filtrate of blood withdrawn from eclamptic patients passes through a 
membrane known to be impermeable to posterior pituitary extract Seeing 
that this substance is not present under physiological conditions, there is 
no reason to assume that its anti-diuretic activity would be as potent in 
man as in dogs We have, however, not yet put this question to the 
test of experiment 

SUMMARY 

1 The syndrome of eclampsia could not be explained by postulating 
hyperfunction of the posterior lobe of the hypophysis Moreover the 
hypothesis leaves unexplained the fact that the patient suffering either 
from the nephropathy of pregnancy or from eclampsia almost invariably 
suffers from a true retention of chloride and constipation Further, 
according to Sacks (1924) “ infundin ” conspicuously decreases the rate of 
oedema formation 

2 The hypothesis postulates not only that the pressor and anti- 
diuretic activities of the extract are separate, but that they may be secreted 
in widely varying proportion Neither of these assumptions is supported 
by reliable evidence 

3 A method of assaying the anti-diuretic potency of posterior pituitary 
extracts is described It is shown that minimal inhibition of the diuretic 
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THE RELATION OE HYPERCHOLESTEROLEMIA TO INCREASED 
TOLERANCE FOR THYROID PREPARATIONS IN NEPHROSIS 


By R S AITKEN 

( From The Medical Unit, The London Hospital) 


Is 1922 Epstein (3) advocated treatment with thyroid preparations for 
the condition which he had described m 1917 as nephrosis In 1926 (4) 
he described several examples of recovery followmg this treatment, and he 
remarked on the absence of any untoward effects after unusually large 
doses of thyroid Other observers have reported similar recoveries, and 
have also noted the surprisingly great tolerance of their patients for 
thyroid thus Murphy and Warfield (8) speak of “ enormous tolerance for 
thyroid extract,” after giving 60 to 75 grains daily , McClendon (6) gave 
9 or 10 grains of thyroid extract daily in three cases of nephrosis in children 
and they all recovered, with a fall in their pulse-rates after the treatment , 
and Mounquand, Schoen, Naussac and Bouchon (7), vho gave up to 
15 grains (1 gm ) of thyroid extract daily with good effect to a nephrotic 
child of five, speak of a “ remarkable tolerance ” The most accurate 
measure of this tolerance, however, is to be found in Epstein’s own 1926 
paper (4) His second case received on an average 5 mg thyroxin intraven- 
ously every week for two months , the basal metabohc rate, measured at 
intervals during that time, xi as — 22, — 13, — 12, — 24, — 20 (per cent) 
His third case received 10 mg thyroxin intravenously, nine times, at 
intervals which uere shortened from 12 or 13 days down to 4 or 5 , the 
basal metabohc rate, except for one (inconsistent) record of + 20, remained 
between — 19 and normal The patient was then given 20 mg thyroxin 
intravenously, twice, at 4-day intervals , after the first injection the basal 
metabohc rate rose from — 12 to +4, and after the second to -*-12 If 
these figures be compared uith those shown below in the diagram, from 
Boothby and Sandiford (1), who injected thyroxin mtrai enouslj m normal 
subjects and obtained a rise of 17 or 19 after a single injection of S mg, 
it will be clear that they support the clinical observation of an increased 
tolerance for thyroid preparations in nephrotic patients 

Epstem (4) did not imestigate the mechanism of this phenomenon 
but merelj mentioned the three theoretical possibilities, namely, defect i\e 
absorption of the thyroid principle by the tissues, inactii ation of it by some 
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enlarged (“ hobnail ”) liver Gall-bladder and bile ducts were normal 
The kidneys showed oedema, congestion, jaundice, and parenchymatous 
degeneration, but none of the changes associated with nephntis or nephrosis 
The thyroid w as normal 

Determinations of this patient’s basal metabolic rate were made in 
January 1930, using the Douglas bag method, the Haldane-Henderson 
gas analysis apparatus and the Aub and Dubois standards The patient 
slept in a sing le room , the gas samples w ere collected immediately after 
she an akened in the morning, with a mimmum of disturbance , she w as a 
phlegmatic person and soon became used to the procedure ^Measurements 
and analyses (m duphcate) were made by an experienced worker, and full 
precautions against error were taken throughout The respiratory quotient 


B M R. PoLSE 



Fig 1 Effect of intravenous thvroxm on pulse (dotted line) and basal metabolic rate 
(continuous line) in (A) patient with hvpercholestennicmia and in (B) Boothbi and Sandiford s 
normal man 

in every determination but one lay between 0 78 and 0 81 , m the one case 
it was 0 89, indicating overbreathing, and the observation was discarde 
In these circumstances the experimental error may be expected to be 
much less than the accepted 10 to 15% of routine basal metabolic rate 
determinations by less accurate methods The results are show n in lg , 
where the close agreement of the control observations (after the first) m 
the fore-penod shows that variations due to experimental error physiological 
and otherwise, are not more than 1 to 2% of the total gas exc nn_e 
The patient’s basal metabolic rate was high, +21 Intravenous injection 





THE EFFECT OF A DIET OF PURE GLUCOSE OK THE FLUID 

BALANCE OF THE BODY 

By F B BYROM * 

( From the Medical Umt, London Hospital) 

It has been realised for many years that changes in the quality of the diet 
cause marked alterations in body weight In 1769 William Stark (10) 
in the course of a protracted senes of observations on himself, found that 
he gamed eight pounds in five days after changing from a protem (meat) 
diet to one composed mainly of carbohydrate (flour) The interpretation 
of Stark’s results is rendered difficult by the fact that he suffered dunng 
his experiments from intermittent diarrhoea and scurvy (which ultimately 
proved fatal) and by his ignorance of the calonc equivalents of vanous 
foodstuffs Using more modem methods Benedict and Milner (1) m 1907 
found that the substitution of fat food for carbohydrate caused an immediate 
and substantial loss of weight, which they proved to be due to loss of body 
fluid The reason for this change is still obscure, but it is now a well 
established fact that the absolute level of the body fluid reserves vanes 
directly with the percentage of carbohydrate m the diet 

Dunng the past two years a number of diabetic patients m the dietetic 
ward of the London Hospital have been restncted, for therapeutic reasons 
(4), to a diet composed of pure glucose dissolved in distilled water, for 
penods of from five to ten days The daily intake of glucose vaned, m 
different cases, between 480 and 600 g , administered m equal hourly 
or two hourly doses throughout the 24 hours Insulin was given 
simultaneously m sufficient quantity to prevent, in most cases, glycosuna 
or ketosis The subjects were for the most part confined to bed and were 
allowed to drink extra distilled w ater at will In some instances the patient 
was at first restncted to a fixed balanced diet, isocalonc with the glucose 
diet, for a preliminary penod of several days 

In view of the facts mentioned above it was somewhat surprising to 
find that this exclusively carbohydrate diet mvanably caused an immediate 
loss of body weight amounting to several pounds A sudden loss of ti eight 
of this degree, in the face of an adequate calonc intake of 2,400 caloncs 
daily, is likely to be due, substantially, not to destruction of body tissue, 
but to loss of body fluid It was therefore decided to examine the fluid 

* Beit Memorial Research Fellow Tlio writer is indebted to Professor Arthur Ellis and 
Dr 0 Leyton for clinical material 
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Fig 1 Effect of a glucose diet on body fluid balance (Case 3) Extracellular water loss is 
represented bv the unsha ded area , intracellular loss attributable to destruction of bodv 
protein by the black area , and the additional intracellular water loss (see text) bv the 
shaded area 


reserves of tlie cell, and it is reasonable to expect that some of the water 
which holds this protein in colloidal solution trill be discarded as superfluous 
But when the fullest possible credit is allowed to this factor, by assuming 
that the water of the cell is all bound physically to protein* and that an 
equivalent quantity of the former is excreted when the latter is mobilised, 
not more than one-half to two-thirds of the intracellular water loss is 


explamed (Table I, columns (6) and (c) ) 

Some hght is thrown on the cause of the surplus loss by the fact that 
Gamble, Ross and Tisdall (6) observed precisely similar changes in starvation 
In the later stages of a fast the cell water loss, as measured by the potassium 
output, can be entirely accounted for by destruction of cell protein as 
measured by the nitrogen excretion In the earlier days of the fast, how ever, 
an unexplained additional loss of cell water occurs Gamble and his 
associates suggested that this initial surplus loss might be due to shrinkage 
of the cell following mobilisation of its glycogen reserves The fact that a 
similar loss has occurred m the present experiments, w here the carbohydrate 
intake has been high enough to exclude any reasonable possibility of 
encroachment on the glycogen reserves, is opposed to this explanation, 
and it becomes necessary to seek some other variable which is common to 
both circumstances 

A more attractive possibility is that potassium restriction mig it c e 
responsible common factor in question, arguing from the analogv that s luni 


* The cell water loss attributable to destruction of ct.Il protein 
assumption that the X.HJ) ratio of protoplasm is about 4 5 ptr cent 


lias been calculated on th* 
(Gamble, anl Ti-dnll) 
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restriction depletes tlie extracellular fluid reservoirs This explanation 
■was accordingly tested, in further experiments, by mainta ining the potassium 
intake unchanged during the glucose period, the requisite amount of 
potassium phosphate on chloride bemg added to the glucose solution In 
some of these cases a small quantity of potassium was excreted by the 
bowel in small fluid stools , these were collected and analysed for K, Na 
and K - It will be seen in the table (Cases 5 and 6) that when the potassium 
intake is maintained m this way the surplus loss of cellular water no longer 
occurs , in fact, the estimated cell w ater loss falls short of the loss attributed 
to destruction of cell protein In case 9, moreover, an actual retention of 
720 c c of cell water occurred, m the face of an expected deficit of 680 c c 
from destroyed protem 


Discussion 

Theoretical Gamble’s principle, on which the above estimates of fluid 
exchange are based, has been proved to hold good m the case of the 
extracellular compartment, for extracellular fluids have been obtained for 
direct analysis m many different forms of morbid dehydration and oedema 
and have been shown to contain approximately normal concentrations of 
base (Na) 

In the case of the cellular compartment, direct proof is not possible, 
because cellular water cannot be obtained for analysis during life, and even 
after death it is not easy to exclude contamination with extracellular fluid 
But it is reasonable to infer that an unvarying concentration of base m the 
fluid outside the cell membrane imphes equal stability within the cell 
If this inference is correct, that is, if potassium exchange is accepted as 
the most accurate measure of cellular fluid balance at present available, 
it follows from the results described above that loss of cell protem does 
not necessarily mean loss of cell water, or, m other words, that if destruction 
of protem involves the liberation of water from physical combmation, the 
released water is not necessarily discharged from the cell Peters and 
Lavietes (7) have recently protested against the narrow conception that the 
water of the cell is physically bound m mathematical proportions to the 
cell colloids and the present results lend curect support to their argument 
The absolute level of the cellular water reservoirs is clearly at the mercy 
of several independent variables, of which protem storage is only one A 
quantitative relationship between protem and water losses is therefore to 
be expected only when these other factors remain constant The list of 
the other factors concerned is mcomplete, but it certainly mcludes the acid 
base balance (6), probably the water intake, and possibly the glycogen 
balance To this list must now be added the potassium intake The cell 
evidently maintains a reserve of water m excess of its basal needs, and su den 
curtailment of the potassium intake reduces the level from the optimum 
towards the minimum 
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V nil hull l lift rum*. It i«* genera 11} recognised that one of tho most 
«inou*i rompln nitons of dmhotii count is evtremo dehydration The 
modern tr« ittnent of iomn consists e-sen tialh of a regime of glucose and 
imulin If hn*i h»en shown nho\e I lint such n regime not only prcAcnts 
n imunnlution of the lost fluid hut lutunllv tends to cause further loss 
'J he pr» tent ohu mitiortn then fore tmphnsmo tho importance of ensuring 
an ndMpmte mineral mtnle in sin h uremnstanccs The possible methods 
of nu *dim» tin » mile at ton hnu hi en ilisi u«scd m another communication (3) 
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THE INFLUENCE OF DIET ON THE SUGAR TOLERANCE OF 
HEALTHY MEN AND ITS REFERENCE TO CERTAIN EXTRINSIC 

FACTORS 

By H P HIMSWORTH * 

(From the Medical Unit, University College Hospital, London ) 


The glucose tolerance curve, is of such, importance m clinical chemistry 
that a knowledge of the factors which may, or may not, influence it is of 
considerable moment For a few years after its introduction it was thought 
to offer a definite criterion as to the presence or absence of diabetes, but 
after this tune papers appeared in increasing numbers showing that the 
test iias by no means as specific as was at first supposed The majority 
of those papers dealt -with the influence of endocrine diseases other than 
diabetes melhtus upon the test and with these intrinsic factors we shall 
not deal in the present paper The minority of the publications, however, 
reported the influence of certain extrinsic factors on the tolerance curve of 
healthy individuals and the results recorded m this communication concern 
these factors exclusively 

From time to time claims were made that the nature of the diet had a 
pronounced influence on the glucose tolerance In 1927 Sweeney (17) 
published results showing the effect of carbohydrate, protein, or fat diets 
and of starvation upon the sugar tolerance curves of healthy young men, 
and I (12) w as able to confirm his results completely on similar subjects 
as regards the effect of fat diets and carbohydrate diets It may non be 
taken as securely established that fat diets diminish the sugar tolerance 
and carbohydrate diets improve it In addition to this point I w as able to 
show that the fat diets decreased the rate at which a standard dose of 
crystalline insulin , injected intravenously, depressed the blood sugar w hilst 
carbohydrate diets increased this rate A correlation thus appeared to 
exist between a healthy individual’s sugar tolerance and his susceptibility 
to injected insulin and this correlation has since been extended and established 
further in animals (13) For this reason in the present work the effect of 
the factor under examination both on the subject’s sugar tolerance and on 
his susceptibility to a standard dose of insulin has alwaj s been investigated 


* Beit 'Memonal Research Fellow 
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Methods To answer the above questions a glucose tolerance curve, 
a pH determination and an insulin depression curve were required under 
each of the conditions stated, namely, when the subject was on a high fat 
diet, on a high fat diet and taking alkali, on a high carbohydrate diet, and 
on a high carbohydrate diet and receiving sufficient ammonium chloride to 
produce an acidosis This senes of experiments was earned through 
completely in two individuals and partially earned out on a third 
The glucose tolerance curve, pH determination, and insulin depression 
curve each occupied one day, so that the last three days of any 
particular dietetic regime were occupied m the test experiments 
The procedure was the same in both subjects and that for subject V will 
now be desenbed 

The subject was admitted to the ward on February the 22nd, 1932, 
and given a high fat diet (carbohydrate 55 g , protein 88 g , fat 
202 g ) On March the 4th a glucose tolerance curve, on March the 5tli 
a pH determination and on March the 7th insulin depression curve, were 
obtamed 

At 2 p m on March the 7th, whilst on the same diet, administration of 
sodium bicarbonate was commenced and 60 g daily were given in six doses of 
10 g at 2pm, 7pm, 10 pm, 2am, 7am, 11 am The test experiments 
were earned out as follows on March the 16th a glucose tolerance curve, on 
March the 18th an insulin depression curve, and on March the 19th a pH 
determination The administration of alkali was continued throughout the 
three days of the tests 

At noon on March the 19th the subject was given the high carbohydrate 
diet (carbohydrate 660 g , protein 90 g , fat 42 g ) On March the 30th a 
glucose tolerance curve, on March the 31st a pH determination, and on April 
the 1st an insulin depression curve, were determined 

At 2 p m on Apnl the 1st ammonium chloride was given and the high 
carbohydrate diet continued 15 g daily were given in six doses of 2 5 g 
at 2pm, 7pm, 10 pm, 2am, 7am, 11 am On Apnl the 9th a 
glucose tolerance curve, on April the 10th a pH determination, and on 
Apnl the 11th an insulin depression curve, were earned out The giving 
of ammonium chlonde was continued during the three days occupied by 
the tests 

When it is desired to compare the pH of the blood under different 
conditions it is obvious that determinations on blood drawn from penpheral 
veins are open to grave objections The composition of such blood must 
vary considerably with the degree of vaso-dilation in the limb , the activity 
of the muscle and other local conditions can onlv fortuitously be the same 
m anv two samples taken at different times As for our purpose w e desired 
to know the reaction of the blood to which the tissues in general were 
subjected it is evident that we could only achieve our object by measuring 
the pH of arterial blood 
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chamber The screw clips were re -applied to the rubber tubing and the blood chamber separated 
from the gas chamber by cutting the tube between the clips 

An evacuated sampling tube was then fixed to the upper outlet of the gas chamber The 
connections were tilled with mercurv The cocks weie then rapidly opened and closed and a 
sample of gas from the gas chamber thus taken Mercury was run into the sam pling tube until 
there was a shghtly positive pressure inside it, and bv means of a hypodermic svnnge 1 cc 
2X-H.S0j was introduced so as to present solution of CO. in the condensed water vapour * The 
tube was then sealed with mercury 

A mercurv reservoir was connected with the blood container, the whole being under water 
at 38°C The blood chamber was then clamped with the out rubber tube projecting just 
over the surface of the water After drying, the projecting cup of rubber tubing was filled 
with air free liquid paraffin and a 10 c c measuring pipette containing 2 c c of liquid paraffin 
was pushed into the rubber tube The screw clip was then removed from the tubing and the 
blood was forced out of the blood chamber bv mercury pressure into the pipette, in which it 
rose under a seal of liquid paraffin The blood was rapidly transferred to a centrifuge tube 
coated with paraffin wax and surrounded by a water jacket at 3S°C A further seal of paraffin 
wax QI.P 44°C ) was placed over the blood and then the tube m its water jacket was centrifuged 
for 16 min at 3,500 revolutions Afterwards the paraffin wax sealing the blood was pierced 
m two places under liquid paraffin The stem of a bulb pipette was then forced down one hole 
until almost touching the surface of the corpuscles This procedure naturallv pushed a seal 
of liquid paraffin mto the pipette By air pressure the plasma was forced into the pipette and 
then delivered mto a dean tube under liquid paraffin When this plasma was required for analysis 
it was forced by air pressure mto the calibrated Ostwald stopcock pipettes 

This plasma was analysed in the Tan Slj ke constant volume gas analysis apparatus following 
the inventor’s technique (18) The various gas mixtures were analysed m the Haldane apparatus 



Fig I Blood sugar curves obtained after oral administration of 50 g of glucose The curves 
obtained under the different conditions are distinguished as follows high fat diet HJ-" D 
high fat diet, plus alkalosis HJF D -i- alkali high carbohvdratc diet H C D , lush 
carbohydrate diet plus acidosis, H CJ3 +acid 

Results In Fig 1 are shown the sugar tolerance curves obtained in 
the above senes of expenments on subject ^ I It may be noted that it 
is usual for glycosuria to occur during a sugar tolerance curve on a healthy 
individual taking a high fat diet, and that as a rule sugar also appears in 
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Conclusions The pH of the artenal blood of a healthy individual 
remains the same whether a high fat or a high carbohydrate diet is given 
The administration of ammonium chloride, over a period of 10 days, to a 
subject taking a high carbohydrate diet induces a compensated acidosis, 
so that the concentration of hydrogen ions m blood is at the upper limit 
of the normal range, but produces no alterations either in the glucose 


TABLE I 

Diet 

1 CO, 

tension of 
, alveolar air 

1 (KTP) 

1 CO, ! 

content of , 

1 plasma m ■ 

| mil per L ! 

pH 

Subject Y 


mm 


(1) High fat 

43 4 


7 36 

(2) High fat-f alkali 

| 47 2 

■H 

740 

(3) High carbohydrate 

440 j 

; 25 32 1 

7 36 

(4) High carbohydrate + acid 

413 : 

! 204 | 

1 

7 31 

Subject VI * 


1 


(1) High carbohydrate 1 

420 

24 95 

7 37 

(2) High carbohydrate + acid 1 

38 0 

20 09 1 

7 32 

Subject VU 1 




(1) High carbohydrate diet 

40 0 

23 39 

7 36 


* The specimens taken on the lugli fat diet and the high fat diet— alkali were both spoilt 
through technical mishaps 


tolerance or insulin depression curve from that characteristic of the high 
carbohydrate diet The giving of sodium bicarbonate for eleven days to 
a subject taking a high fat diet induces a compensated alkalosis, the 
concentration of hydrogen ions in the blood falling to the lower normal 
limit, but produces no significant alteration in either the glucose tolerance 
or ins ulin depression curve from that characteristic of a high fat diet 

It must, however, be understood that it is not suggested that these 
results exclude the possibility of some change in tolerance, or sensitivity 
to insulin, being produced by sudden and more extreme variations of pH 
consequent upon smgle massive doses of acid or alkali or that the taking 
of smgle large amounts of fat or carbohjdrate by a healthy individual, 
adjusted to an ordinary diet, may not produce a change of pH beyond the 
normal range The results do show that the changes in sugar tolerance 
characteristic of either the high fat or the high carbohydrate diet are 
unrelated to changes m reaction of the blood 
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The influence of hclosis 

( ualiain el at (ii) suggested that the beneficial effects of high carbohydrate 
diet** in diabetes mollitus, nun be due to the effect of theso diets in reducing 
the amounts of Ketone bodies produced in the course of metabolism They 
tlunK that a Ketosis. 01 alternatneh some intermediate metabolic product 
of which the pic since of a Ketosis is tho indicator, increases the amount 
of insulin required In the both Presumably (Ins effect would be brought 
about In the Ketone bodies m some wa\ interfering with the action of the 
insulin If this explanation were correct it would obviously hn\c a very’ 
important be trim: <»n the fmutionnl patlwlogv of diabetes mclhlus I 
have shown in pi e\ urns papers (12, 1 .1) that conditions which bring about 
an itit(mii nt« nt m sngm tolerance in a healthy organism also interfere with 
t|u action of insulin m depressing the blood sugar Now a high fat diet 
will impair the sugar tolerance and interfere with insulin action m a healthy’ 
man and it will also in the first dn\s of its administration produce a marked 
Ketosis As this Ketosis is transient, and disappears in the course of a 
fortnight wc have here the opportunity of deciding b\ direct investigation 
in he dtliv man win tin r the presence or absence of n KcloMt> impairs sugar 
tolerance or inbtftrn with insulin action 

Millin ' A ami rc*ulh The nitro-pnisside reaction was i^cd for tho 
detection i>f act to acetic acid in urine The technique was standardised 
and it was found that In noting the strength of the colour rcnction at the 
end of in minute s a rough quantitative estimation of the amount of the 
substance present could be made Wo class, fied the reactions ns trace 
-f, -r+, and H — | — I According to Kemiawnv (14) this reaction will 

detect nceUi-cieotu. acid m concentrations of I m 200,000 From the subject 
mulct investigation 7 urine specimens were obtained dnilv at the following 
turns one at mid-night, and one l hr befoic and one 2 In after breakfast, 
the inid-dav meal and supper These were each tested for ketone bodies 
The health v subjects were admitted to the winds m the usual wav and 
iv on a high fat diet Within db Ills at the latest ketone bodies appeared 
in the mine and continued to increase in amount up to the end of the >&* 
wecK Aftci this time, although a diet, containing c\ac ly the same 
>1, Of ca.boht.hato, ptolem nncl fat, uas continued, the »"«»'»' of 
ketone bodies excreted m ll.o iu.no began to decrease until i »""=> 

„ co |, „f (he diet the. bad o.tlici completely disnppcaiod or nm 

detectable tmlj a. an oecasoual face tn one of the cot on 

(tlucn-o tolerance nnd insulin depression cones uerc found to bo the 

u bethel then note obtained nt the height of the ketosis oi niton tlio ketosu 

was absent 

Fig 2 illustiates this observation Foi both ghicose to ernnee curves 
the subject was receiving n daily diet composed of caiboln drnto 06 g , 
. „ r..» 055 c Tho first tolcianco etuve was pcrfoimed when 

in;; «*Jr ««ko„ i , » .i« ^ 
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mtro-prusside reaction in all 7 specimens The second curve w as performed 
1 1 days later , the mtro-prusside reaction was negative m all specimens 
It nill be seen that the sugar tolerance was unchanged 

Subject VI provided data of further interest during the investigation 
recorded in the previous section When the first glucose tolerance and insulin 
depression curves were obtained, after 12 days on the high fat diets, the 
unne contained only traces of ketone bodies As soon as alkali was given, 
along with the high fat diet, ketone bodies w ere produced in such quantities as 
to give a maximum mtro-prusside reaction m the unne This observation 
is in accord with the recognised influence of an alkalosis in promoting the 
production of a ketosis (6) The insulin depression curve taken at the end 
of the penod under this regime w as unchanged and Fig 1 shows that this 
high degree of ketosis did not affect the sugar tolerance adversely 

Objection may be raised to these experiments that the subjects, 
although receiving the same diet, w ere not under exactly the same regime 
when their sugar tolerance and insulin sensitivity were tested We have 
made observations on the influence of ketone bodies in nine different subjects 
In some of these in order to ensure that the maximum diminution of glucose 
tolerance and maximum decrease in sensitivity to insulin on the high fat 
diet had occurred two or more senes of tests were earned out at intervals 
when the subject was receiving the identical foodstuffs each day In these 
cases the excretion of ketones diminished as time progressed and yet we 
could find no correlation betw een our tests and the degree of ketosis 

These results show that the presence or absence of ketosis has no 
influence upon either the glucose tolerance or action of insulin in a healthy 
man As regards the suggestion that ketonuna is only an indicator of 
the presence of some unknown interfering substance, it appears to us that 
if the ketone bodies are indicators of some hypothetical interfering substance 
then the amount excreted ought to bear some quantitatne relation to the 
amount of interfering substance present — the greater the ketonuna, the 
greater the amount of the insulin inhibitor If this is so our objections 
against the suggestion that the ketone bodies act as substances mterfcnng 
with insulin action, are equally vahd against tLe suggestion that the 
substance whose presence they indicate interferes with insulin action 

Conclusion The presence or absence of a ketosis has no influence 
upon the sugar tolerance or sensitivity to insulin of health} men 

The influence of giting liter 

In the course of their observations on cases of pernicious ana?nna 
under treatment with hi er Biottner and 3furph\ (4) observed that some of 
tlieir patients experienced s\ mptouis suggesting hj pogh cauma and that 
these sjmptoms occurred when the blood sugar was somewhat lower than 
normal They accordingly investigated on normal subjects the effect on 
the blood sugar of giving a meal containing 20 g of carboh} drate, 40 g 
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of protein, and g of fat , m w Inch on one occasion Iho protein was mado 
up of rod meat on another of raw liver pulp They roporlcd that the 
liv perglv tannin was lower after the second typo of meal than after the 
first and concluded that hvci contains a substance capable of reducing 
the blood Migni when gn on l»y mouth Thoj applied their results to cases 
of diabetes tnelhtus and reported good results coming to the conclusion 
that ISO g of raw liver pulp produced tho same effect as 10 units of insulin 
J)o JVnciei, Soshm and Host (7) investigated tlicso clnims, but working with 
dogs could tmd no evidence in support of them 


1 1 . 



rr — l£z 3 £ 

^ or but m wns 

.*.*3 of r«« li»«r«In.h. «- In HI- D +L>%er 


}l, tM- a ml remit- Tho subject » as admitted to tho » ard ^and given 

pulp dndv, but the ft « loun > nnd insu i m testa wore carried 

unchanged Ivle-sen davs JL identical nnd roferonco to Fig 2 

out Tho insulin expression cuncs ^cro idc ns Me re also 

will ahow that tho glucose tolerance emves on tho two occasion 

identical 
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During the period of liver feeding the subject experienced no symptoms 
of hypoglycaemia — with which he was familiar — but he did develop severe 
headaches — with which he was previously unfamiliar 

Conclusion The ingestion of raw liver has no effect upon a healthy 
subject’s sugar tolerance or sensitivity to ins ulin 

The influence of the ingestion of lecithin 

In 1932 Best and Hershey (2) showed that the administration of 
lecithin to depancreatised dogs prevents the fatal hepatic failure which 
otherwise develops in these animals This condition is characterised 
pathologically by the deposition of large amounts of saturated fats in the 
hver and the beneficial effect of the lecithin appears to be connected with 
its action in preventing the deposition of this fat Best, Hershey and 
Huntsman (3) further showed that the giving of a diet containing much 
saturated fat to normal rats resulted m the accumulation of this type of 
fat in the hver , and they demonstrated that if, after this had occurred, 
lecithin was added to the fat diet the excess of fat disappeared As the 
diets which produced a diminution of sugar tolerance m healthy men all 
contain large amounts of saturated fat it appeared possible that these diets 
also caused an accumulation of fat m the hver It occurred to us that 
the administration of lecithin along with the high fat diet to a normal 
subject might, by removing the excess of fat from the hver, result in an 
improvement of the characteristically impaired sugar tolerance 

Method With the help of Professor C R Hanngton 200 g of dry 
lecithin vere prepared from the yolks of 240 fresh eggs by the method of 
precipitation with a saturated solution of cadmium chloride m methyl 
alcohol (15) The final product was a white brittle solid which had an 
iodine number of 69 4, and a nitrogen content of 1 98% The substance 
w as thus practically pure lecithin It should be noted that the preparation 
was stored in a dessicator and that the weights of lecithin administered to 
the test subject refer to the dry substance 

The subject was admitted to the ward under the usual routine He 
was given the standard high fat diet (carbohydrate 56 g , protein 87 g , 
fat 255 g ) Nine days later a glucose tolerance curve w as determined, 
and tw o days after this the insulin depression curve w as obtained 
The diet remaining the same, the oral administration of lecithin was 
now begun, 25 g being given daily in five doses of 5 g, at 12 pm, 
5pm, 10 pm, 3am, and Sam Because of its unpleasant taste the 
substance was given m capsules After seven days of this treatment the 
sugar tolerance curve was performed and next day the insulin depression 
curve was determined The subject received in all 194 g of dr\ lecithin 
He was non, for a further period, given the high fat diet, but without 
lecithin, and at the end of 10 days his insulin depression curve was again 
determined and two dajs afterwards the sugar tolerance curie obtained 
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Exon dax during the uncstigafion tho unno passed in the 24 hours 
wns collected and its phosphate content estimated by the uranium ncctato 
method 

During the preliminary period on tho higli fat diet an average 
of HSli g of phosphoius was excrctel in the unno daily With the 
adnmusti at ion of the lecithin the output of phosphorus began to nsc and 
at tin* end of 7 2 hours is reached a le\cl about which it continued to oscillate 
for the rest of the period of lecithin administration The a\cragc amount 
of pho^phorUH in the urine during this penod, m which the excretion was 
Mnd\ t was 1 S't g pc r 2 1 hour-, an increase of 0 *17 g Taking the molecular 



in Dll 


of ,, 805 * ;■»>-« °;L g th^ffX 

are contained m nppro\imatcl\ — > g of lecitmn x 
lecithin ,«l,mn..lored »»i "bribed f-o™ "»> »hn,ont»ry conn 

in *t are »hown tho glucose tolerance ennes obtained in 

es„ K , mo,, The cur, . o.dimied 

loner Hum th.,1 g,u'» »He. tho mehimnmv penod “ nmked 

tho hisl. M d.el Tins , mp.otomo.it, hot otci, * '™ 0 ^ ll0uevm , 
to he unoqun oculli Mgmfiramt The mlcic-t of tin- im e'iy 
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lies in the third curve, which was obtained ten days after the ad mini stration 
of lecithin had ceased and whilst the subject was contin uing to take the 
high fat diet The glucose tolerance curve now shows a definite delay in 
its rse, has a comparatively low peak and at the end of three hours has 
returned to the fasting level of blood sugar In seven curves obtained 
from this subject, whilst taking this same diet, no other showed such a 
low peak or rapid return to normal levels Comparing this result with the 
preliminary curve on the high fat diet we are of the opinion that a shght 
but definite improvement m tolerance is indicated Considering the large 
amount of lecithin given this result is not striking and shows that the 
administration of lecithin does not produce an effect comparable with that 
of giving a high carbohydrate diet The shght delayed improvement in 
tolerance, however, may be of some significance as indicating that the 
giving of lecithin over a longer period and in amounts greater even than 
the above excessive dose, might produce some increase m tolerance 

The insulin depression curves unfortunately are incomplete as the 
specimens taken for the curve obtamed during the preliminary high fat 
period w ere spoilt in analysis However, the curve performed in the lecithin 
period falls shghtly less rapidly than that taken twelve days afterwards 
when the subject was receiving the fat diet alone The fall m both curves 
is of the slow type characteristic of the high fat diet 

Conclusion The oral ingestion of 25 g of pure lecithin daily produced 
httle or no improvement in the sugar tolerance of a healthy man receiving 
a high fat diet A small delayed improvement m tolerance appeared to have 
occurred ten days after the cessation of the lecithin administration 

StnniABY 

1 It has been demonstrated ra normal human subjects that the 
diminished glucose tolerance and impaired sensitivity to insulin observed 
when the subject is taking a high fat diet do not depend upon a change m 
the pH of the blood to the acid side, and that the improved glucose tolerance 
and increased sensitivity to insulin found m subjects receiving a high 
carbohydrate diet are unassociated with a change m the pH of the blood to 
the alkaline side 

The reaction of the blood was found to be the same on either diet 

It has further been shown that the production of a compensated 
alkalosis m a subject on a high fat diet results in no improvement either of 
the impaired sugar tolerance or diminished sensitivity to insulin and that 
the presence of a compensated acidosis has no deleterious effect upon the 
increased sugar tolerance and insulin sensitivity characteristic of the high 
carbohydrate regime 

2 In normal men the presence of a ketosis has no effect either upon 
the glucose tolerance or the sensitivatv to insulin 
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0 The administration of ran h\cr to a subject balanced on a high fat 
diet produced no change in glucose tolernncc or insulin sensitivity 

1 The (huh oral ingestion of 25 g of lecithin for a period of ono ncelc, 
to a Mibjed standardised on a high fat diet, caused httlo or no change in 
t he glut os(* tolerant t Ten dn\ s after cessation of the lecithin administration 
u small delated improx einent in toleranco appeared to ha\o occurred, 
nlthoutdi the subject (ontinued to recci\e the same high fat diet 
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THE RELATIONSHIP BETWEEN THE TOTAL OSHOTIC 
PRESSURES OE PLASMA AND (EDEMA FLUID IN MAN 

By E J BALDES* and F H SMIRK t 

(From the Department of Physiology and Biochemistry, University College, 
London, and the Medical Unit, University College Hospital ) 


Introduction 

This paper is concerned ■with the measurements of osmotic pressure -which 
we have made on samples of plasma and of oedema fluid m man Our 
results are discussed in relation to the hypothesis that oedema fluid is a 
simple ultrafiltrate of plasma and that the -walls of the minute vessels behave 
like an inert dialysing membrane -which resists the passage of red cells and 
colloids but permits the free diffusion of w ater and crystalloids If oedema 
fluid is an ultrafiltrate of plasma then the total molecular concentration of 
crystalloid should be equal in plasma and oedema fluid , and therefore the 
difference between the total osmotic pressures of plasma and oedema fluid 
should equal the difference between their colloid osmotic pressures 

The colloid osmotic pressure of plasma is, how ever, less than 1% of the 
total osmotic pressure, and may be of the same order or less than the errors 
encountered in the usual freezing point methods for determining the total 
osmotic pressure The colloid osmotic pressure of oedema fluid is usually 
less than one-seventh of the colloid osmotic pressure of normal plasma 
Hill’s vapour pressure method which we have used for determining 
osmotic pressures is sensitive to changes in osmotic pressure which are of 
smaller magnitude than the colloid osmotic pressure of normal plasma and 
has in addition to its greater accuracy the advantages over other methods 
that measurements are made at a temperature nearer to the body tempera- 
ture, that the effects of changing the gaseous tension of the plasma and 
oedema fluid are more readily studied, and that it may be used differentiallv 
Most of the w orkers interested in the osmotic relationship of blood and 
pathological effusions have compared the freezing point depression of whole 
blood or plasma with that of pleural effusion, ascitic fluid or hydrocele fluid 
and few only have included measurements on oedema fluid 

Observers usually agree that within the hunts of error of the methods 
used the total osmotic pressures of whole blood or plasma and effusion' arc 

* Ma\o Foundation and Ma\o Clinic 
t Beit Memorial Fellow 
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equal Mom hn\ e ignored tho fa( i that a fall m C0 2 tendon causes a decrease 
hi the o.motie pressure of whole J>Iood Tins effect of C0 2 was observed 
)>\ IIo|la//i (2) [*mce In others (0) (*?)} C!olIvvU7cr-jMcicr (5) -who paid 

attention to this <'ffr< t u\»on osmotic pressure of changing the C0 2 tension 

found the osinotu j>h .-mre s of irclemn fluid and plasma ecpial She criticised 
Ih < htnann fl) Mho sums to hn\n neglected tho C0 2 effect and interpreted 
the difference ■, which he corisoqucnth observed in the osmotic pressures as 
owdtnce of *e< rtf ion h\ t he wails of minute blood vcs.cls 

(Ideotti (I) pro luce I cedematous effusions evpcnincntnllj in dogs 
In tut race non- injei tn»»s of In pertonic saline or glucose after ligature of the 
crural v c in His le-ults were cspccmlK interesting in that tho osmotic 
pit ore’s of plasma and cedenm fluid were erpial dc.pitc the abnormal 

c|i \atu>n of tho onnotu pn -.tiro of plasma 


Mr lb A 

s nnph s of o< h nui thud were obtained In inserting the point of a hollow 
mi fit of I irg< bon into the siihi ntuneoiis tis-nic. Tho ccdeina fluid was 
allow. I to flow din < I K into a test tube In order to prevent evaporation 
a plug ot « of ton wool was inscirted into the mouth of tho test tube 

n tmpl» ’ of Mood were rrniou- 1 with a minimum of congestion fiom the 
antec ulntal vmi. and precautions were taken to prevent the loss of blood 
gu’-i Tin n t ord .v nnge w Inc h rcu iv ed the blood w ns previously lubneated 
with liquid paraffin and tho blood was transferred withoutdelay ton contrifugo 
tube provide d with a well-fitted rubber stopper Before inserting the stopper 
„i % air above the blood was mo.tlv replaced by the obseners alveolar 
avr which was breathed into the tube Usually, however the volumo of 
Moo l which was remove I sufficed to Hll the centrifuge tube There was 
thought to be no appreciable !o>. of blood gases prior to separation of the 
plasma lather cumulation was deliwcd bv hep arm or alternative!) tie 

blood was detihrinated using glass heads w,u m 

Hu v a pour picture ineasuienicnts w ere mndo l>y tho method of H ( ) 
In tin. method 2 small pieces of filter paper are soaked m solutions of a know n 

hltoi paper, are compuVed l»> means of a special jltor^ 

pre-sme The iwn-uremcnf. mo made o.llici in mr o. m •> /c) LU. m ov>g 

Result* 

A o, „,c ,oU„ a,,,o„c ,— »/ 

thrmaHmrmrnl<Utng>»«ilri» u “ ul '" 0 ' , '‘y' J„, ran nn d codoma fluid in nn 



OSMOTIC PRESSURES 


267 


from its red cells at the CO, tension of the venous blood sample We thought 
from the w ork of Margana (8) that once the red cells were separated from the 
plasma the relationship between the osmotic pressures of plasma and oedema 
fluid would not be changed by exposing the two liquids to another CO, 
tension 

When we made our measurements in air we found that the total osmotic 
pressures of plasma and oedema fluid were nearly equal but that the oedema 
fluid had, if anything, a shghtly higher value, the average difference being 
about 0 002 g NaCl per 100 g H 2 0 (approximately £th % of the total 
osmotic pressure) This result was surprising for the total osmotic pressure 
of the oedema fluid should have been a httle less than the total osmotic 
pressure of the plasma, differing fromitby about 0 007 g XaCl per 100 g H„0, 
winch is the average colloid osmotic pressure of the plasma expressed in 


TABLE I 

The difference xn the osmotic pressures of oedema fluid, plasma and whole 
5 % CO. and in air 


Wood when measured in 



u inm 

l 0 
0 910) 


u ooa T 

1 Air 10 8SS 

0 884) 


| 0 876) 

5% ( 0 S77 

CO. 0 S78 ) 

0 865) 

Air t 0 860 

0 867) 


Air 

Average 


0 S81) 

Air ) C 

OSSl) 


0SSS) 

5% > C 

CO. 0 SS9 — 

0 871) 

Air > 0 

0 S75) 


0 ai4) 

) 0 915 
0 917) 

0 S75) 

) 0 875 
0S74) 


All measurements are expressed different mlh with re-pect to saline He 1 )”- t ' lc l ' ! ' 
show the relative capacities of optlema fluid plasma and whole blood to take up CO co opin'd 
■with sjihne 
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TABU' IT 

'll r ri-Utw *>■<;? hr ' ir f,\ th- total r«mrt,r ptrcttm* of ofdtma fluid and plasma 



•1 <1 tflft , 

tlnut ' »' h nn 

It i ur-d in mr 

OtJorna^ . 

n.i.f] > 

M« iMimt m '!*„ CO, 

CFdcmfi wholo 
fluid *■ blood 
Measured m 6% CO. 

\ 

a 0'i 2 ' , \n(*l 

-> 0 010 n „ \*nCl 

— 0 003 % XnCl 

r 

nolo 

- 0 017 

— 0 023 

i 

non 

— 0 007 

— 0012 

i» 

o dot 

- non 

— 0 007 

U -a 

noil 

•)0U 

~ 0 012 


t*rni>« of im I'-otonu -odium chloride solution Tn instigating the effects 
of <!ieing« tn the (*(>_ ten-ton upon the total osmotic pressures of cedenm 
lltt„l ph‘«mi and whole Mood we ch-eo\crcd the explanation of this 

7/. i ( b rt* at r/ rut»/* *» iv the carbon th oxide tension on the total osmotic 
purlin or b in a (Ini'* pfa'tna and uhoh blood It is clear from Table I 
tint if ui< t ike - itnph > of ledenm fluid and plasma which arc m osmotic 

< umlibrium with e v< h other at a certain concentration of CO. and then bring 
both luputls into i (ptthbrium with air the plasma suffers a greater fall m 

0 motu pn -lire than the o'dema thud, the average difference m these four 

< \pf turn nt- l»t im; upmalent toOOObg XnC'l per 100 g of water There 

1 little doubt that tin- i> due to a greater loss of CO. from the P la! * ma 
•| lie rt hit ton-lop latwien the osmotic prc-surcs of plasma and mdema flrnd 
* unples di pends then fore upon the CO. tension of the atmosphere m wlucli 
th, \ an tm i-uwl (Table II) In regard to gaseous tendon the measure- 
tm nts in .V\, CO. an a tlo-or approMinntion to conditions m the body than 

are uu t*urenu*nt» m air 

In onler to make the differences m the osmotic pressures of oedema 
,1„„| ,,.nl plasma ulnn me isurcd in mr. comparable mtli the differences 
nun'imd ill 5 1'cr cent CO. K must <uld 0 00S to those difference. 

nlvwh \v;rt me i nr osmotic pressures ot ccdcmn ftuid and plasma 

, ' i nr is due to the coincidence that the contribution to 

mra.imd in inr. |cl „ = „ llcnt rnlised by the effect upon 

10 ' '; ur , )o k of CO. (which loss of CO. takes place to a greater 

“"l annum-on o/ the total omot.c ,.rcmms o/ oedema flrnd mdplm met 
A comimnv n / concctcd to an atmosphcic of o /0 

It/KOI lb ha- 1 - "I III ai-imia seemed technically perfect 

CO. Thirteen cmnpmsons were m f .’**“? Uipoproto.memia, 

TIiom. line 1 .avis of congest ne heart f ' ‘ ™^eV ease of «., known 

.. „,ses cm i of the legs si ..ting late in p.cgmmcj, 
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origin following pregnancy, 1 case of thrombosis of the femoral vein and 1 
case of unknown origin Of the 5 cases with hypoprotemsemia 1 was 
nutritional and 4 had nephritis In 12 cases the patients w ere at rest m bed, 
in the remaining case the patient talked to hospital but rested for about 
14 hours before the sample w as taken 

In the 13 experiments the differences between the total osmotic pressures 
of oedema fluid and plasma when measured m or corrected to 5% CO* tension 
were (—0 026), —0 017, —0 011, —0 010, —0 007, —0 006, ~—€ 005, 
— 0 004, — 0 003 , — 0 0025, +0 0005, +0 0025, + 0 004 The figures in italics 
are those obtained by comparing the total osmotic pressures of oedema 
fluid and plasma in air and then correcting to 5% C0 2 tension by the addition 
of 0 008 to the total osmotic pressure of plasma The average (omit ting 
the one obviously aberrant result) is — 0 0058 g NaCl per 100 g water 
Fig 1 shows that although the total osmotic pressures of oedema fluid 
and plasma vary greatly, the difference between them is approximately the 
same m each case It seems therefore that this relationship is independent 
of the cause of the oedema 
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Fig 1 Changes m the total osmotic pressure of plasma are accompanied b> similar changes 
in the total osmotic pressure of oedema fluid a — an aberrant result which is omitted from 
the average 


If oedema fluid is a simple filtrate of plasma then the average difference 
betv een the total osmotic pressures of oedema fluid and plasma (0 0058) 
should equal the average protein osmotic pressure of the plasma Xow in 
5 subjects out of the 13 there was reason to expect the presence of a subnormal 
percentage of protem m the plasma In these 5 subjects the magnitude of 
the protein osmotic pressure was gauged from estimations of the protein 
percentage of the plasma and the data supplied bv Van >Shke (0) 
(Average of the 5 calculated osmotic pressures 0 004% XaCl) In the 
remaining 8 subjects with oedema due to congestive heart failure venous 
thrombosis, etc , the protem osmotic pressure of the plasma w as assumed to be 
normal (0 007% NaCl ) The average of these 13 osmotic pressure* is 
0 0063, and allowing for the approximate nature of the calculations the true 
average osmotic pressure must he between 0 005 and 0 0065 This is a 
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There is therefore good reason to believe that if time is allowed for 
diffusion the crystalloids of the oedema fluid and of the plasma will come 
mto osmotic equilibration with each other 

The significance of the relationship betneen the crystalloidal osmotic 
pressure of oedema fluid and plasma Starling supported the view that in 
oedema formation the minute blood vessels permit the diffusion of water and 
crystalloids but resist the diffusion of colloids He thought that the forces 
responsible for the formation of oedema fluid and for its removal through 
blood vessels are mainly the mechanical pressures m and around the blood 
vessels and the colloid osmotic pressure of the plasma 

This view assumes that all crystalloid ions and molecules pass freelv 
through the blood vessels, for an asymmetry in the distribution of crystalloids 
Mould affect the relationship betneen the osmotic pressures of plasma and 
oedema fluid, and so influence the passage of fluid through blood vessels 
In plasma the osmotic pressure of the cr}-stalloids is about 5000 mm of 
mercury and of the colloids about 30 mm of mercury Hence a 1% 
asymmetry in the distribution of crystalloids causes a change in osmotic 
pressure nhich is greater than the entire colloid osmotic pressure 

We have found that the crystalloidal osmotic pressures of plasma and 
oedema fluid are equal and this is best explained if we assume that the n alls 
of the minute blood vessels are freely permeable to water This view is 
consistent with but is not proof of the hypothesis that oedema fluid is a 
simple filtrate of plasma It may be for example that certain crvstalloids 
are concentrated in or withheld from the oedema flmd by a secretory process 
involving the performance of n ork It is not suggested that such secretion 
is hkely, but if there is secretion our results indicate that the minute vessels 
* are nevertheless unable to prevent the diffusion of Mater, so that osmotic 
if not chemical equihbnum of plasma and oedema flmd is restored 

Proof that the m alls of the minute vessels lack secret orj function m\ oh es 
a demonstration that the distribution of all ions and molecules betMeen 
oedema flmd and plasma is the same as if these hqmds m ere separated by an 
inert dialysing membrane Much has been done by other Morkers in this 
field and there is httle doubt that uathin the range of experimental error the 
distribution of chlorine, bicarbonate, sodium, calcium and urea is uhnt 
Mould be expected from a filtration hypothesis A feM investigations of 
other ions are recorded yvith results that arc less conclusn e but m hicb cannot 
be regarded at present as evidence against this vieu 

Summary 

1 In man the total osmotic pressures of plasma and oedema fluid 
have been compared by using Hill s vapour pressure method 

2 With decrease m carbon dioxide tension the tot il osmotic procure 
decreases more in Mhole blood than m plasma and more m plasma than m 
oedema flmd Therefore, the relationship experimentally found betMeen 
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the total oxmotie pi centres of plnsmn and codcma fluid depends upon tho 
tnrlion dioxide tension at winch tho plnsmn is separated from tho red cells, 
and upon the carbon dioxide tension at which the comparison of tho osmotic 
pie-, met of plasma and (edema fluid is made 

t At v; o tarhon dioxide tension tho axerage total osmotic pressures 
of iedi inn fluid and plnsmn difTet b\ an amount equal to the colloid 
osnmtu pressure of the plasma Thus tho nxerngo crj slalloidal osmotic 
pre- uiri - of plasma and (edema fluid nre cqunl at a C0 2 tension approximating 
to that of the bnd\ 

I Despite wide mdixidual xnrmtions m tho crj slalloidal osmotic 
pr« sure of plasma from patients with xnrious forms of oedema, it appears 
th it the i rv itnllmdal o.motu pri 'sure of each mdixidual sample of codcma 
thud will be equal to that of the plasma from which it was formed, proxided 
tutu i. allowed for the diffusion of water (and probablx also of crj stalloids) 
to smooth out the uu qualities which may bo caused bj a temporary excess 
of uutaboliti s m cither fluid 
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THE NATURE OF MYXCEDEMA * 


By F B BYROM f 

(From the Medical Untt, London Hospital) 


The dehydrating properties of thyroid preparations have been recognised 
ever since Hurry Fenwick (10) in 1891 reported that a myxcedematous 
patient into whom he had attempted to graft sheep’s thyroid passed large 
quantities of unne after the operation It is equally veil known that 
thyroxine depletes the protein stores of the body Two questions raised 
^by these facts hare so far remamed unanswered, namely (a) Is the lost 
fluid derived from the intracellular or the extracellular compartments, 
or from both 7 and (6) Is it a consequence of the destruction of suspended 
protein 7 In the present paper an attempt is made to provide answers 
to these questions, which in turn throw some light on the nature of 
myxcedematous swellings The principles employed have been described 
m a previous paper (4), cellular and extracellular fluid losses having been 
calculated from the loss (that is, excess of output over intake) respectively 
of potassium and sodium by the method of Gamble (12), and depletion of 
body protein from the nitrogen balance 

The subjects of the investigation were several patients suffering from 
myxcedema, together with one normal control subject — a healthy unemployed 
man of 35, — who were given large mtra venous doses of thyroxine freshly 
dissolved in small quantities of normal saline In order to answer the 
first question it is necessary to consider the results obtained only m a 
qualitative sense The second question on the other hand, requires 
quantitative comparison of the losses of protein and body fluid The 
error attached to clinical determination of mineral balance is often 
unavoidably high and always incalculable and the difficulties are increased 
m dealing with myxcedematous subjects, who co-operate poorly Apart 
from inevitable variations in the intake of nitrogen and potassium, the 
most important source of error lies in sweating Considerable quantities 
of sodium can be lost in perspiration and estimates of extracellular fluid 
balance are alvajs subject to an unknown positive bias Concerning the 
amount of potassium which maj be lost by sweating there is some 
uncertainty K N Moss (22) found large quantities of this base in sweat, 
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grounds it seems probable that sweating is a function of the extracellular 
fluids and the work of Fisliberg and Bierman (11) and Dill and Ins 
associates (7) suggests that the potassium content of sweat does not 
exceed that of blood plasma If so, estimates of cellular fluid balance 
derived from measurements of potassium exchange should not be disturbed 
by moderate sweating A further source of error hes in the fact that 
the potassium and nitrogen content of faeces are too large to be ignored 
However, in extremely constipated sublets it is often impossible to collect 
faeces without using purgatives, which are undesirable m studying fluid 
metabolism, and in such circumstances it is sometimes permissible to 
presume a constant rate of faecal loss The precautions taken to minimis e 
the above errors have been as follows The subjects were confined to 
separate rooms in the metabolism ward Baths were not allowed and 
every effort was made to minimis e sweating The diets used were fixed 
and weighed, consisting of boiled eggs, grapefruit, milk, lean meat, orange 
juice, cane sugar, salt-free butter, and biscuits The meat was cut from 
the centre of a roast jomt The biscuits were made from flour and 
distilled water No salt was used m cooking, the sodium deficiency of 
the diet being corrected by a measured volume of sodium chloride solution 
of known strength A measured amount of distilled water (1,300 c c ) 
was allowed each day Duplicate diets were dried and analysed for If, 
Ha and K from tame to tame, butter and sugar being analysed separately 
Urine was collected over thymol in 24 hour periods and was mixed, 
measured and stored for analysis in a refrigerator Stools were mixed 
with thymol, acidified with HGl and afterwards pooled, dried and pulverised 
for analysis, the collection periods being marked with carmine capsules 
The small amount of nitrogen m the carmine was ignored Purgatives 
were not permitted For mineral analysis stools and food were ashed m 
silica beakers in a muffle furnace below red heat The analytical methods 
used have been mentioned elsewhere (4) 

The effect of thyroid extracts on the excretion of sodium and 
potassium and of the acid radicles Cl and P0 4 which usually accompany 
them has been studied by several workers but with singularly discordant 
results Boothby and his associates (1, 5) found no consistent change 
in the excretion of either base m either normal or myxeedematous subjects 
after large intravenous doses of thyroxine Ord and White (25) also 
reported that no increase in the excretion of Cl or P0 4 occurred during 
the treatment of myxeedema On the other hand Scluttenhelm and 
Eisler (28) and Gollwitzer-Meier and Brocker (13) have described a loss 
of sodium but not of potassium, while Nislnmoto (23) claims that in nornnl 
dogs the excretion of Na, K, Cl, and P0 4 is all increased by thvroid 
extracts It would be a remarkable exception to a general rule if thyroxine 
were capable of causing gross loss of body water without parallel loss of 
electrolytes, and these divergent findings are no doubt due to the errors 
mentioned above 
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Results ( qualitative ) 


Tlio effect of thvroxino on tho fluid and protom rcsorves of the body 
11 ‘.how n in 1'igi ! nnd 2 In theso diagrams a mo or fall of tho potassium 
excretion eurvo above or below the bnso lino representing intake may be 
interpreted «i n Ion or gain respectively of cellular fluid Similarly the 
e\i r< turn cum"' of aodium and nitrogen may bo taken as md ices of 
gmn or Ion of extracellular fluid nnd protein by tho body 

X or nut l subject It li shown in Fig 1 that the dehydration caused 
by thyroxine involves both compartments of the body fluids Tho loss 
of extract llulnr fluid n greatest within 2t hours of tlio injection and is 
nrrcited after three day-. During thn period the subject lost weight 
rapulU and his output of urine was increased The responso of the 
intracellular fluids to thyroxine i** moro complex On the day of tho 
injtc (ton there ii a decided Iom of potassium, but on tho second and third 
dn\ i the excretion falls back to the previous loxol No exjilnnntKm will 
be otTercd of thn initial lo--. of intracellular fluid The bnlnnco then 
enters a •«e<ond negative phase which persists until tho end of tho period 


of observation 

Mt/xtrdmut In this, the sequence of o vent*, n similar (Fig 2) Tho 
extracellular fluid loss is greatest at the outlet, but it persists for a 
longer period than m the normal subject The intracellular fluid balance 
also displays the snmo initial negoino phase, winch is followed by a 
ului«o of retention during which the loss is mndo good, nnd then y a 
more prolonged second negative phase After a second dose of thyroxine, 
eight diiM after the lint, there follows an oxen greater loss of cellular 
fluid, hut a relatively smaller additional loss of oxtracellular lm 

The rexerso process of recovery from the effect of thyroid medication 
is illustrated bv a third case (Fvg 3) This patient was suffering from 
gro i mvxmdonin and for a period of four weeks prior to the > «P«™£ 
lind reel ix cd three grams of desiccated tliyroul dnilv On admission to 
the motabohun ward tho latter was suspended and observations were 
;:;i„hatcly u *dl bo scon that the body 

until after a lens of three kilograms, equilibrium is reached on the ^eighth 
L ' TUo volume of urme excreted during this period was abnormally 

sis 

medication was prcMimu dy rci pon ^ b to nsc again, the output 

Mts in rather abrupt h Tho ho.lv g « extracellular flmd resorvoirs 

of MKlmin falls below tho intake, and ovtraceUuiar^ ^ ^ ^ 

uic* ‘.tcndilv replenished During this p t ^ ^ fluid 

almoiinallv h>" Heaccumnla ion twolvo days tho oxcretion 

is « more leisurely process During the ^els tlueh approximate 

curxOTofmtniRonnnd potnssuim^MW >rotcw ‘ ftn d collular water which 
to tlio respect iv o intakes J ho loss oi pua 
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presumably occurred during the previous treatment has evidently been 
followed by a state of equilibrium at a subnormal level of storage After 
the twelfth day a phase of retention is observed to begin, the excretion 
curves of potassium and nitrogen falling together and r unning parallel 
courses until about the twentieth day and suggesting that the normal 
intracellular stores of protein fluid are being simultaneously replenished 


St 

9 

9 

9 
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9 

Sodiam output (g ) 


Potassium output (g ) 


Nitrogen output <g ) 



Fig 3 Urinary excretion of sodium, potassium and nitrogen after suspension of thyroid medication 
m a case of myxccdcma 


Between the twentieth and the twenty-third days, however, an interesting 
difference is observed The potassium excretion rises to attain its previous 
level of equilibrium, suggesting that the intracellular fluid loss has been 
made good, while the nitrogen output remains at a low level, suggesting 
that protein + water is now accumulating m some extracellular site 
Viewed qualitatively, then, the above results indicate that in both normal 
and myxoedematous subjects thyroxine causes depletion of both compart- 
ments of the body fluids and the first question is satisfactorily answered 

Results (quantitative) 

Since the second question raised above has a direct bearing on the 
nature of myxcedema, it will be convenient here to outline the scope of 
the latter problem 

The term myxcedema was apphed by Ord (24) to the peculiar 
subcutaneous swellings of adult hypothyroidism because he found in the 
tissues of his first case a slimy colloid possessing the chemical characters 
of a mucoprotem His results were confirmed by Harlej (17), but some 
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y on in Inter tloul>t \\ uiM on them h\ Halliburton (14), who was unnblo 
to demonstrate nm consistent excess of mucm m tissues derived from 
-moral enses of tmxredomn At the xnmo time, how oxer, ho recovered 
considerable quantities of tunc m from the bodies of animals, the thyroid 
gland- of wbuh had been excised bj \ictor Horsley Halliburton’s 
nogntne findings m human nnxeedemn wero endorsed by Hun and 
I'rudden (!'») and later b\ Hoiirueullc (2) and, although they maj* liax*e 
hi en due to oxerfixatnm of tlie tissue-* m spirit before analysis, the fact 
remain* thnt after a lupsi of nc.irh half n centnn n widespread uncertainty 
exist- about tin exntt nature of nn xoalema MacCallum (21), for mstance, 
write- in I «»*t2 * Then* is win/ to be nn accumulation of bluish-staining 


material here (m the deepir liner- of the sfun) which unt thought to haic * 
a imuoid (harm ter ’ and more recenth llnnngton (lb) refers to “this 
miumulation of mucin ” and nl-o state- ( loc cit p 20) thnt the 
sums ot tin xredimn nun all be explained in terms of reduced metabolism 

thu*. tin re n an m cumulation of fat , implying, apparently, that 

the subctit'iiu oils swellings are compo-ul -linph of fat It will be shown 
htir that apirt from the fact thnt nn x (edematous subjects nro not 
lonsputtou 1\ obc-e there arc serious objections to tin- simple quantitatne 


com eptum of nnxcedtnm 

Direct aimhsis liming Molded such equnocal conclusions, it is still 
po Mbit t o appro u h t he problem through indirect channels In recent years 
Hoot ldn and hi- associates (I) luno attempted to do so Tlun measured 
the unnun exi return of nitrogen m one normnl and two nn .xcedematous 
subjet ts after tlnrox.ne and found that the mtio of nitrogen to water 
(ie, both weight) lo-t was identical, immeh 1 2 0 and 1 0 /o Bootbb } 

concluded “that the (edema of nnxtvdema i- nn albuminous colloid fund 
with n nitrogen water ratio higher than the accepted average of 1 1 /D 
for human blood scrum, and identical with that of egg-white which 
contains 2% of nitrogen, and defimteh le**s than that of musclo win 
(ontums oxer 2% In tho nn -xmdcmntous subject there is an oxce 
of such nlhuminous thud as compared with a normnl indnidual and the 
tvdema of n» xederna corresponds apparontlv to an increase m the resen e 
or deposit protein” In other xxords, mj.xccdcma n simph a quantitnti 

EE» ,-jrn. 
r 

the extracellular Ihuds being 11 1 mot cm and water losses are 

Consequonth quantitatne compnuso 1 In Bootliby’s 
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points out, considerably lower than that of protoplasm (about 4 5%) 
He infers from this the existence, m the normal subject, of a distinct 
reserve of “ deposit ” protein containing at least 43 and perhaps as 
much as 215 g of protein nitrogen The low nitrogen water ratio, 
however, could be more simply explained on the assumption that some 
of the lost water included m the denominator had been derived from 
protein free extracellular fluid Boothby’s definition of myxcedema is 
therefore not justified by the data which he presents The question at 
issue in myxcedema is not simply whether there is or is not an excess 
of protem in the tissue It is equally important to determine where 
the excess, if any, is accommodated It has often been suggested (1, 30) 
that the deposits fail to pit on pressure because the oedema is largely 
intracellular This suggestion is hardly warranted by the morbid anatomy 
of the disease The swellings are found, not m cellular tissues such as 
the muscles and viscera, but m those parts of the body where cells are 
fewest, and the microscope shows that the excess fluid is extracellular 
as in ordinary oedema 

Is the doughy character of myxcedema swellings due to the presence 
of protem m this normally almost protein-free extracellular fluid * If so, 
it would be expected that when the protem is dispersed by thyroxine a 
considerable amount of the extracellular fluid which holds this protein 
m colloidal suspension would be set free from physical combination and 
excreted, whereas in the normal subject the lost fluid, if any, would be 
derived from the intracellular compartment, to which the normal protem 
stores are restricted 

The present results may now be considered m the light o f tins 
argument The estimated quantities of Ka, K and Jf lost by the various 
subjects are collected m Table I In Table EE these estimates have been 
translated into extracellular fluid, cellular fluid and protem, and in Fig 4 
the latter are illustrated graphically In experiments Nos 1, 2 and 3, 
the losses represent the difference between output in unne + feces, and 
intake as determined by analysis of diet In experiment 3 the subject 
rejected several items of the diet and approximate corrections were applied 
In the remaining experiments (Nos 4 and 5) the subject was obstinateh 
constipated throughout She was kept on a fixed diet for eight days 
before thyroxine was given, by which time the unnarj excretion of Na, 
K and N had attained constant levels These levels were used a* lnsc 
lines from which to estimate gain or loss from the bodr, a constant rate 
of fecal loss being presumed 

Exact quantitative interpretation of such data is impossible m view 
of the possible errors already mentioned Subject to confirmation, liowcier 
they seem to indicate certain gross differences between tho response of 
normal myxoedematous subjects to thyroxine These differences are 
(Fig 4) 
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(1) That the total and the extracellular fluid losses are greater 
in myxcedematous patients than in the normal subject (the 
greater loss of body weight confirms this inference), and 

(2) That the intracellular loss is less 

It n-ill be observed that the nitrogen losses, on the other hand, show no 
consistent differences in the vanous experiments Several interpretations 
of these differences in response to thyroxine are possible, but the most 
reasonable one is that there is m myxcedema an abnormal extracellular 
collection of protein + water, towards which the effect of thyroxine is 
specifically diverted from the normal intracellular stores It will be 
noticed (Fig 4, Expt 5) that when a second dose of thyroxine is given 



Fig 4 Belative amounts of protein, cellular fluid, and extracellular fluid lost bv normal 
and myxcedematous subjects after thyroxine Constructed from data in Table 2 and 
scaled to conform with the protein water ratio of normal protoplasm, i e , 2S 100 

six days after the first, the response more closely resembles that obtamed 
in the normal subject This suggests that the abnormal extracellular 
deposits have been largely dispersed by the first dose of thyroxine and 
that the brunt of the second dose is borne by the normal cellular reserves 
Implicit in the above reasoning is the assumption that the fluid loss 
observed is a consequence of destruction of suspended protein, and the 
further corollary that the effect of thyroxine in the normal subject amounts 
to piecemeal demolition of protoplasm to furnish protein for fuel, exactly 
as occurs m starvation (12) Neither of these assumptions, however, is 
theoretically improbable 

Before proceeding to consider the significance of these conclusion 
it remains to decide whether the abnormal protein m myveedema is 
accommodated wit hm or outside the blood vessels Tlus question Ins 
been answered by simultaneous measurements of the protein content 
and total volume of the blood plasma immediately* before and ten day > 
after the injection of thyroxine (7 mg ) into another myxcedematous 
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jnlipnt ♦ Durum t his ported the total \olume of the plasma rose from 
2,*}20 o c to 2,070 c c , while its protein content fell from 7 72 to 7 05% 
Consequent l\ the total amount of protein in tho plasma rose from 170 
to IKS g This apparent gain of 0 grammes of protom (1 5 g of nitrogen) 
is negligible and tould ensile he co\crc<l 1>\ the experimental error of the 
\itd rul method 

I he abnormal protein in imxfedomn is therefore extravascular as 
well as extracellular In order to came such a gross alteration in the 
pirtitum of thud lo^ after thiroxme, its extent must he considerable 
Hough tdiuiatO' from the uho\e data suggest at least 100 to 200 g of 
protein m a torn entr.it ton of .*> to 10% or more 


Ui'.rwtsinn 

'1 he data describe l ahme suggest the existence in tho tissuo spaces 
iti m\ Midi ma of a rah dcpo-it of protein which is rcadilv dispersed bj 
thsroxuu In discussing the significance of this abnormality it will be 
dc’siriMe fir-t to consider the normal euMronment of the cell Tho work 
of St vrhng (2‘q lias show n that the tluid with which the cells of the bod^ 
an surrounded consists of a freoH circulating rclatnch protein-free 
ultrafiltrate of tho blool plasma the secretion of which is rcgulntod by 
the h\drod\ namu pressure within the capillaries opposed by tho colloidal 
o-motiL pre ssure of the plasma proteins In accepting the broad theory 
of M trlmg it is important not to assume that tho immediate environment 
of the cc.ll is entire 1\ deioid of protein Protein appears m this medium 
in at lc tst two fornis In the first place there is a small amount (about 
jo i 0 f protein dispersed throughout and circulating with the interstitial 
filtrates (•», Ncondh, there is what is known to tho histologist as the 
ground substance The latter is a mucinous protein which appears to 
act as a scaffolding cu cement which maintains architectural order amongst 
he cell units of the tissues and to answer this purpose it must nccessanlj 
! % m "lo form of hvoil colloulol gol Tho .mmodmto cn^oomont 
of Iho toll therefore con«e.l« of tuo contrnsling clomonts, tho ono fl. 


* l'liisinn |»mt« ms w»< 
\»tnl rest method (-7) 
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Both of these changes suggest the presence m the extravascular fluids 
of a colloid which tends to abstract saline but not protein from the plasma 
The myxoedema protein therefore contributes something to the colloidal 
osmotic pressure of the interstitial fluids 

The degree of disorganisation of filtration across the capillary membrane, 
however, is small in comparison with the high concentration (5 to 10%*) 
of the myxoedema protein This discrepancy suggests that the colloidal 
osmotic pressure of the latter is considerably less than that exerted by 
the plasma proteins, or, in other words, that its molecular aggregate is 
considerably larger A complex colloid such as a mucoprotem derived 
from the ground substance would answer to this description Consequently 
the present results are entirely jn harmony with Ord’s original claim that 
myxoedema is a mucinous infiltration of the tissues, and the negative 
results of Halliburton and others can be dismissed as due to one or other 
of the causes suggested by that writer 

Concerning the source of the myxoedema protem Horsley (18) shoved 
that after thyroidectomy in animals the cells of the parotid, norm all}’ a 
wholly serous salivary gland, begin to secrete a mucous fluid Apparently 
myxoedema is only a more widespread manifestation of the same process 
Finally, what is the meaning of this metabohc aberration ? The 
chemical points of resemblance between mucoprotem and chitin and 
cellulose suggest that one of the mam functions of the former is 
architectural (20) Furthermore it is known that foetal tissues contain 
more mucm than those of the adult (15), and Wells (31) has pointed 
out that m this respect myxoedema resembles a reversion to the foetal 
state Reviewing these clues m the hght of the av ailable evidence it 
seems probable that the pathogenesis of myxoedema is as follows In 
the early embryo the cells of the body are embedded m a protective 
matrix of mucinous jelly As the tissues begin to differentiate and the 
circulation begins to develop, the bulk of this matrix becomes absorbed 
to make room for the clefts which transmit the saline filtrates of the 
blood, and in the adult only a skeleton of mucm remains This trans- 
formation, hke other phases of growth, is influenced by the thyroid gland, 
which continues after growth has been accomplished to hold the secretion 
of mucm wit hin proper bounds When tins influence becomes impaired 
the balance becomes upset and an excess of mucm is formed b} the 
tissue cells As this accumulates the separate identity of the fixed and 
circulating elements w Inch compose the normal environment of the cc « 
becomes more or less submerged in the gelatinous sw elhngs of nu xce erna 
When the abnormal protem is dispersed by thyroxine the normal hydro- 
dynamic balance between plasma and tissue fluid becomes resto an 
the now watery oedema is spontaneously corrected In this connection 


* Tins is nrobnbh a conservative estimate ns the nitrogen content of mucoprotem is low 
(20) nnd tlio customarv factor G 23 used in estimating protem from mtrogin lo&c i« no tnc 

applicable 
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it l*. interesting lo rccnll the clinical observation of Byrom BramncII (3) 
Hint transient pi) I me oedema of tlio legs often appears in myxoedomatous 
patient*’ who have begun to respond to thyroid treatment 

Whether the stnnllcr loss of extracellular fluid obsoned m the normal 
Mibjett after thyroxine is referable to destruction of normal ground 
Mibstnnco, or to disloention of other mechanisms — such ns those concerned 
with heat regulntum — is n question winch cannot bo answered from such 
rough data as an* presented in this paper 

The above interpretation of m\ \rcdcma ns something more than the 
Mtiiplo quantitative expression of retarded metabolism suggested by 
Booth hit and Hnrmgton has reienth acquired additional support from 
I>odd*< and Robertson (S), who have shown that the drug dnutro-o-cresol, 
while restoring tlie basal metabolism to normal m myxeedema, entirely 
f m |s to duq>or<o the characteristic swellings of the disease 


.Summary 

In the normal subject the loss of body protoin caused by thyroxine 
is rutomp mud In a lo- of bodv wator which contains more potassium 
than sodium and is therefore derived largely from the intracollular fluid 
compartment This i** consistent with tlio fact that tho normal protem 
stores are essential!} intracollular 

In myxeedema n wmilar loss of protoin and bod} fluid follows an 
inaction of thtroxme, but tho lost fluid contains a largo excess of sodium 
over potassium, and is therefore contributed mainly by tho extracellular 
compartment Accepting protem io“s and fluid loss as cause and c ec , 

U is mftrrnl from this difference in response to thjroxmo that there is 
m mwedema an abnormal extracellular accumulation of protom tovvards 
winch tho Iviitnl.olic effect of thyroxmo is specifically divortod from the 
normal intracellular jirotein stores 

• Ul ., protein ovtnn maulor as nail as extracellular It appears 
,o L . largo molecular aggregate but it exerts sufficient odtadal 
to oppose tlmt of tho plasma protoins and so to lead 
f nf c. ft turn from tho plasma to tho mtorstitial fluids In this 

t °t",ir olimca. charades of myxmdematons 

balanea across tho capillary mambrana, 
ZZ promotes the al.mmal.on of tho todama flrnd 

These conclusions arc . » J ,bX"^ 
Z ^".""r^ba disease is simply a 1-titat.ve «*"— 
of low ored basal motabolwm 
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Myx oedema may be regarded as an attempt on the part of tbe tissues 
to restore their embryonic myxomatous environment by flooding the 
interstitial spaces with mucoprotein 
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OBSERVATIONS ON THE EFFECT OF FOOD, GASTRIC DISTEN- 
SION, EXTERNAL TEMPERATURE, AND REPEATED E XER CISE 
ON ANGINA OF EFFORT, WITH A NOTE ON ANGINA SINE 

DOLORE * 


By E J WAYNE and ASHTON GRAYBIEL f 

{From the Department of Clinical Research, University College 
Hospital Medical School) 


In a previous communication, Wayne and Laplace (18) described a method 
for the objective study of angina of effort It was shown that m certain 
patients, examined under standard conditions, the amount of exercise 
required in successive tests to produce pain is remarkably constant This 
finding was used to study the relation of pain to pulse rate and blood pressure 
and to the administration of certain drugs The observations now reported 
have been made in the same way to study the relationship of pam to other 
factors, namely, the taking of food, gastric distension, external temperature, 
and repeated exercise It is to be emphasised that it is only by isolating 
each factor and ascertaining its effect by actual tests that apparent vagaries 
in the onset of attacks become exph cable As before, w e have restricted our 
mam observations to cases of angina of effort in the strictest sense, that is to 
say, to those cases in which exercise, and exercise alone, gives nse to 
pam 


The effect of meals on angina of effort 

Patients with angina of effort often say that pam comes more easih 
when they take exercise soon after a meal In Heberdens (5) original 
account of the disorder, this relationship was noted and the unknown man 
who wrote the histone letter to him (6) stated that he first expenenced 
pam on walking after dinner 

We have tested six cases from this point of view Each patient came 
to the hospital near midday, having eaten nothing but a light breakfast at 


* fl ork undertaken on belinlf of the Medical J5c=oarch Council 
f Wo^el \ Travelling Fellow, Harvard Medical School, Boston, H-S-A 
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8 a m or earlier After a hnif-hour’s rest, tho amount of exorcise required 
to produce pain was {lotermincd He tlion ate a heavy lunch consisting of 
meat, two 'vegetables and pudding , water was allowed as a dnnk A test 
was tarried out ton minutes after the meal and in four cases a further test 
was made after another quarter of an hour's rest Exerciso tolerance* was 
defimtoh reduted after the meal in o\cr\ case, and in most cases by about 
a quarter, as seen tn Table 1 In none of the six cases was the resting blood 
pressure significant h altered b\ the hcn\> meal but m all tho restmg pulse 
rate was raistd In 10 to 20 beats a minute Tho changes in blood pressure 
and pulse rate after exon tse were similar in the control tests and in tho tests 
made after a meal but after the meal the pulse rate usually fell moro slowly 
to the rutmg level This was cspcuallj noticcablo in tho only two cases 
(S and 12) in whuli the duration of the pam was significantly increased after 
food hn I shows the relationship of pam to blood pressure and pulse 


1 



.s Hi * left tlinrt wliovt ci control test thonght nconU tlio rcsvdt of n test mtido 
n tt hour ivft* r th« mtcljmmt of a h«nvi 
S It I* 1 1 4ti>lii blood |>n <«n in mm of mercurv 
I) ft 1 * dm tolir titiuvii j>n ssinv in mm of mereur\ 

OnO, t. fTof «lTv ^ the resting 

: - - — T "' '™ b "‘ - b “' 
„ri/.nt«l n-.timj.lo gi\«i Urn duration of pun 


i ate m I 'a«o S lioforo null after tho meal Todotc.mmo^wthodu^ed 

to tho digest, vo organs, no 
liivedtiguttd tho oiTect or inflating tho stomach with air 

• , vri tol. mm .* roft ra to tho amount oi ^ of 

t ,|. “minilhT of .front." that w tl.e number tX\m**V* p«v numbers 1 to 11 mo 

S-Stni u > r £«& th,s pnpor 
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The effect of gastric inflation on angina of effort 

The effect of gastric inflation was stndied in each of the six patients 
whose exercise tolerance was known to be reduced by a heavy meal After 
control tests of exercise tolerance had been made, a Rehfuss tube such as is 
used in the fractional test meal was swallowed When the pulse rates nnril 
blood pressures had returned to resting levels, air displaced by water was 
slowly passed into the stomach After amounts differing in different 
patients, an unpleasant feebng of fulness m the epigastrium was produced, 
passing off quickly when the flow of air was temporarily stopped As the 
air introduced was increased to a volume varying from one to three litres m 
different cases, all the patients complained of epigastric pam persisting for 
several minutes Some of the air was lost by eructation but X-ray examina- 
tion always showed an increase m the amount m the stomach and in two 
cases the left dome of the diaphragm was raised and the heart displaced 
During filling with air there was m every case a nse in systolic blood pressure 
of from 10 to 20 mm Hg, and in diastolic pressure of from 5 to 10 mm Hg 
The nse of pulse rate, which occurred m every case, varied from 10 to 25 
beats a minute A few minutes after all the air had been introduced and 
sometimes before discomfort had passed off, blood pressure and pulse rate 
returned to resting levels, although percussion showed that there was still 


TABLE L 

The effect of food and of gastric inflation on pulse rale and exercise tolerance tn angina of effort 


Case 

No 


History of 
diminished 
exercise 



tolerance 


after food Before After Before After 


History of 
diminished 1 
exercise 
tolerance 
from 1 
flatulence 


a meal j a meal I a meal a meal 


2 Yes 64 


14 9 


No 


Resting P.R Average 

when tested number of 

efforts 

Before After Before After 

gastric gastric gastric gnstnc 
inflation inflation inflation inflation 


64 64 15 13 
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of cardiac enlargement and a moderate degree of dilatation of the aorta 
A systolic murmur was heard at the aortic cartilage , the second aortic 
sound w as accentuated and metallic in quahty The sj'stohc and diastolic 
blood pressures after a long rest were 170 and 70 mm Hg respectiveh , 
the pulse rate was 72 beats a minute The Wassermann reaction w as 
positive, and the electrocardiogram normal 

Course Just before admission to hospital, his exercise tolerance was 
tested in the usual way After 34 efforts at a rate of 11 a minute, he had a 
severe attack of pam He was very flushed and sweated profusely , the 
respiratory rate had risen from 17 a minute at rest to 21 The pulse rate 
nas raised to 140 and the systohe and diastolic blood pressures to 20S and 
120 mm Hg, respectively The pulse rate fell a little m the first minute 
after exercise was stopped hut then remained for 11 minutes m the region 
of 100 beats a minute, w hen it started to fall At this time the pam became 
less severe, but it did not disappear until 23 min utes after the end of exercise 
Such severe attacks have not occurred after exercise in any of our cases of 
pure angma of effort, but they are common m patients who also have 
“ spontaneous ” attacks 

During the patient’s stay m hospital and while m bed he suffered many 
attacks of angma , the pam was readily reheved by nitrites They commonlj 
happened after meals but sometimes occurred when he woke up at night 
In one attack m which the pam was severe, the blood pressures, which w ere 
174 mm Hg systohe and 80 mm Hg diastolic after his meal and before the 
pam started, rose to 200 mm and 100 mm at the height of the attack, 
while the pulse rate was raised from 86 to 106 beats a minute The face 
was not definitely flushed but sweating was profuse After 5 minutes, 
amj 1 nitnte was given and the pam passed aw ay rapidly 

The effect of distending the stomach with air was tested in this patient 
Some time after a meal and with no pam present a Relifuss tube was passed 
X-ray examination showed an air bubble of moderate size m the stomacli 
After 1,100 c c of air had been introduced mto Ins stomach, he complamed 
not only of a feeling of epigastric discomfort, but also of retrosternal pam 
w hich he recognised as that of his anginal attacks The pulse rate had then 
risen from 100 to 120 X-ray examination now revealed a large gas bubble 
underneath, but not lifting the diaphragm or displacing the heart The 
retrosternal pam, becoming more severe, was reheved m three minutes b\ 
1/50 gram (1 3 mg ) nitroglycerine given by moutb , the epigastric 
discomfort remamed for half an hour 

After discharge from hospital, this patient had further severe attacks 
of angma relieved by mtntes and died suddenh m bed on Januan the 30th, 
1933 A post mortem examination was not obtamed 

Comment This case is reported in full, though it is the onh one of 
those we studied m which gastric inflation produced anginal pain It 
contrasts strongl\ with our cases of angma of effort, and resembles m nian\ 
respects the eases described by Lewis (10) In these attacks of pam which 
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do not seem to bo related to anx single causahxofactor, nro associated with a 
rimed pulse rate and blood pressure Lewis suggests that tho coronary 
xessels me mxolxed in a general xasomotor change, and that thoy fail to 
cam tho extra stream of blood which the heart requires This vasomotor 
change tan be j»re< ijntntcd m n number of xxajs Jn one of Ins eases pam 
nn»se regular!) after food had been taken , and coming almost lmmcdintclj 
after ‘•mall amounts of food, can hnrdh be attributed to tho increased blood 
requinmu nts of the dig< stixe organs In both tins and m tho ease we have 
ju-t eh si nbed the attacks are prolmhlx duo to a xasomotor chnngo excited 
rellexK b\ gastric distension 


Thr effect of flntulcnrr on the heart 


Onr experiments on gastric distension hnxo a further significance 
1 l-ttulf nc e has long bee n thought to aflect the heart ndxcrselx, either rcflcxlv 
or. as thought l*\ main e irlx writers, bx mechanically displacing it Thus, 
Hrimton (S) gt\< - a diagram showing the wax m which the heart is mecham- 
( ill\ dt placed b\ ga*. m the stotmuh and «a\s “ If the stomach is distended, 
it • v< ill - to inti rfi re With the he irt’s action and max produce distress or exon 
deith *’ I'u qui nt rift Mice is made m German writings to tho “gastro- 
c irdmr symptom temple x” described m 1012 by Jlocmheld (l.» f 16) who 
com tde rstlint p dpitntion, ex trn-sx stoles and precordinl pam can ho produced 
fn me « hume a! di~placenu ut of the he irt This xacw is surprisuig when the 
mutual mohtltt \ of tlu heart is consult ml and the extent to winch it moves 
in sue b pin siologual processes as respiration anti m turning from sido to side 
It i. note wort in that the heart was not mechanically displaced in tho caso 
in wlneli we' were' able to mdueo an anginal attack bv gastric inflation 
lairji anti Stern (12) luno rccontlx described a “ eardiodiaphragmatic 
s\ iiilrome " wlneli represents the xiew that flatulent distension may disturb 
tho he irt reflex!) Kxccssnc accumulation of air m the stomach is regarded 
as the cause of mutn s\mptonis such as shortness of breath, palpitation and 
anginal pam, including angina of effort, all of which arc rolicxcd if tho air 
,s aspirated and return when it is reintroduced These sxmptoms, and such 
phx steal signs as hxstolic murmurs and changes m intensity of tho hoart 
sounds, are said to'bc produced oxen m normal mdixiduals if the stomach 
is inflated sufliuentlx to raise the dome of tho diaphragm Won (1 j) 
goes so far as to attnlmte all attacks of angina pcclons to distension of tho 
uppe, part of the al.mcntan canal and states that they are unconnected 
with the heart and are nlwaxs icl.excd bx eructation or mechanical remoxal 


of mi from tho fitomnch 

These x icw s, m so far ns they relate to angina of effort, are not supported 
bv the experiments no bare described hero For oxore.se tolerance nas 
unaffected bj intiodnting into the stomach a quantity of air, rata* 
eicat enough in Ino ca«cx to nuse tho diaphragm and displace tho heart 
and nluch m all ca-es appeared huger on X-ray examination than tho 
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quantity seen except in extreme cases of air swallowing Moreover, the 
pain passed away at a time when the stomach was still dis tended with air 

We also introduced large quantities of air into the stomachs of five 
normal young adults , they were able voluntarily to restrain eructation to a 
much greater extent than patients, so that a very large air bubble was 
produced , three subjects retamed two litres, and two retamed one litre of 
air In three. X-ray e x a m i na tion showed that the heart had been displaced 
A significant change in blood pressure, w hilst air was being admitted to the 
stomach was noted in one subject only, the systolic blood pressure rising 
by 14 mm Hg In three subjects, the pulse rate fell as soon as each fresh 
quantity of air was introduced into the stomach and while it was dilating 
rapidly In two of these, this fall of rate was from 8 to 13 beats a min ute 
and in the other subject 1 6 to 20 beats a minute This fall in rate was constant 
in repeated observations In the other two subjects, no fall in rate was 
noticed but a nse of 8 to 20 beats a minute occurred when epigastric pam 
appeared, towards the end of the observation After large amounts of air 
had been passed into the stomach and were retamed, discomfort, pam and 
the desire to eructate gradually passed off No change from resting 
values m either pulse rate or blood pressure was then detected m any 
of the five subjects No abnormalities of rhythm and no alteration 
in the heart sounds were detected In one case, exercise to the same 
extent was taken before and after filling the stomach with two litres of 
air, and no difference in the initial or final blood pressure and pulse rates 
was observed 

Our results show, therefore, that while the stomach wall is being 
stretched as a result of a rapid increase of mtra-gastnc pressure, the heart 
may be slowed reflexly m some cases Owen (14) reports similar results m 
dogs When, however, the stomach wall has adapted itself to its new 
conditions we can find no evidence of any effect on the heart except 
displacement either in normal individuals or m patients with angina of 
effort 

It is noteworthy that four of the patients with angina of effort said that 
attacks came after less exercise “when they had wind ” although we found 
by experiment that gastric inflation had no effect Careful questioning, 
however, ehcited that flatulence was always much more pronounced soon 
after a meal and it is to the effect of food that we attribute any difference m 
exercise tolerance which they had detected Tins and other similar factors 
should be excluded before any cardiac symptom is attributed to flatulence 
Our evidence suggests, howeier, that a paroxysm may be determined by 
flatulence in cases of angina with “spontaneous attacks ’ It must be 
remembered in t his connection that anginal pun may* be wrongly interpreted 
as gastric by the sufferer with consequent air swallowing and eructation , 
flatulence may, therefore, be associated with, although not the cause of, an 
attack 



2*** » IV.V/; I A" I) Hit A YBIEL 

1 h rtfirt n f innntmn* tn external temperature on angina of effort 

• 

It 1 . ueneralK luhe\rd tlmt cav^ of nnmnn are more liable to attacks 
ill < old wi it lit r and ino-t of tbe tn-c- we lane interrogate! ha\e tliousht 
tint p tin nro-i nfti r li >- i \< rave m winter than iti summer We now have 
li i onh of e\i r* t e toh ram < of mam patient- o\cr one or two \ears taken at 
njtjiroMin iti 1\ tnonfhh mttrud- nml tlic-e vhow no obvious seasonal 
\amtion Mo t jMtiint- howocr hnu* too wide a innation m exercise 
t«>|irmo on mtt-viM \i-it- to malt tin- evidence conchi-ivc and we, 
tin n foil t< -t* 1 tin in itti r dim tl\ Six ui-c- were chosen, of wlueli five 
thouc lit tin \ win w<>r t in cold wt itlur The patient- sat without jacket 
or wai t • o it in tin opt n ntr at tc inper it tire- ranttuig from Gr> c tol30 B C 
unfit tin \ ud tin \ i< It (old . nil but otu (<Vi 7) developed cold hands and 
>!uwtd 'Iln » \i ru i tohrann' wn- thru to- ted and u-uilh the test was 
rt j i d( 1 aft i r n fnrt In r n -t in the open mr The patient- were then given a 
prolong! 1 ri t in n room lit a t< ntper it lire between nnd 2S U C’ and when 
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they were thoroughly warm, the test was again earned out, usually in 
dupheate The results summarised in Table H show no clear difference 
in exercise tolerance at the low and high temperatures , the first observation 
on Case 7 and the second on Case 10 gave border-line results, the former 
suggesting a possible slight improvement in the cold, and the latter in the 
warm atmosphere In the warm atmosphere, the resting pulse rate was 
usually higher, and the systolic blood pressure always definitely low er , 
often the diastolic blood pressure was shghtly lower After exercise sufficient 
to bnng about an attack, the blood pressures were often low er in the w arm 
atmosphere but no significant change in the pulse rate was detected except 
in Case 8 where the pulse rate after exercise w as 6 beats a minute greater 
in the warm room 

The low er temperatures chosen were normal for this country m winter 
but the effects on the patients were intensified by depriving them of some 
of their clothing and it is unlikely that, in their daily life, they would for 
long tolerate cold sufficiently severe to cause them to shiver The upper 
temperatures are higher than are met with m En gland either indoors or out 
except on occasional days in summer 

The effect on pulse rate, blood pressure and cardiac output of varying 
external temperatures over a wide range has been studied by Grollman (4) 
In Ins normal subjects, the pulse rates and the blood pressures at 25°C 
differed from those at 5°C by amounts comparable to those which we have 
noted in our cases of angina Grollman found, however, no change in 
cardiac output at temperatures between 0°C and 2S°C At the lower 
temperatures the output is not raised by the small amount of w ork represented 
by the increased tone of the muscles and by shivenng, and at higher tempera- 
ture it is not affected by the increased blood flow through the shm until the 
external temperature nses above 28°C It did not surprise us, therefore, 
to find no difference in exercise tolerance at different temperatures , the 
energy expenditure of the heart is not greatly affected, for the output is the 
same, and any difference due to the small rise in pulse rate at higher tempera- 
tures is offset, m part at least, by a greater fall in mean blood pressure 
Our results also suggest that external temperature is without appreciable 
effect on the degree of dilatation of the coronary vessels m angma of effort 
It remains to explain the common belief that temperature i» an important 
factor in bringing about attacks of angma pectoris In cases of the tvpe 
described by Lewis (10), it is reasonable to suppose that sudden changes m 
the temperature of the patient’s environment mil initiate a va'omotor 
change m which the coronaries become involved But in our present series 
of cases of pure effort angma w e should have been misled had w o not checked 
patients’ statements by direct tests One of our patients gav c us the prob able 

explanation of the discrepancy when wo told lum that we had not confirmed 
lus behef He pointed out that wo had made hnn exercise at the 'irac rate 
m all the tests, w liereas had he been free as m lus dailv life to choose ho w ould 
ha\ c w alked more quickly in the cold, and more slow Iv in the hot atmosphere , 
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nit orations m the into of exert tso linrl a definite effect on exercise tolernnco 
m this east* ninl in othen ns mo shall show later Other patients Mhen 
cjuost ioii(*d nirioed with tins mom 31 is to ho remembered too that patients 
arc apt to ho lmndnnppod b\ hen\j clothing and head Minds in M inter 

Thr r]jnt of rr prated exercise in angma of effort 

Some patient- sin that hn\ me rested after a first attack, a second attack 
is h s eistU provoked Two mm h patients Mere tested They Mere warned 
to come \or\ to hospital and were made to rest a long time before the 
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tests were begun The results fully confirmed their statements except n hen 
the penod of rest was very short Representative protocols (Cases 7 and 10) 
are given m Table ITT It will be seen that the number of efforts required to 
produce pain was diminished when exercise was taken within two minu tes 
after the previous test, but if a longer rest was allowed exercise tolerance was 
increased After about an hour’s rest, however, exercise tolerance was the 
same as in the initial test Two other cases u hich were fully examined also 
gave clear evidence of a phase of mcreased exercise tolerance preceded by one 
of decreased tolerance On the other hand two further patients (Cases 1 and 2, 
Table HI) showed no phase of mcreased tolerance , a second test made 
within 30 minutes of the initial one showed that exercise tolerance was 
reduced, the reduction being greater the shorter the interval After 30 
minutes, exercise tolerance remained constant We have represented 
schematically the results from the tu o types of case in Fig 2 Tests on 



F)g 2 Tho effect of varying periods of rest on tlio exercise tolerance of two different types 
of case is shown schemati call y Exercise tolerance is represented vertically and the 
periods of rest between the end of one attack and the start of the next test is repre-ented 
horizontally The cun e D A B represents the typo of case showing a pliasc of increased 
tolerance and the curve D C tho typo with no phase of increased tolerance 

other cases suggest that in angina of effort there is usually a phase of increased 
exercise tolerance, but, as this is often short, it is difficult to demonstrate 
clearly In most cases, exercise tolerance is unaltered when fifteen minute's 
rest is given 

Discussion Wayne and Laplace (IS) concluded that pain is produced 
in angina of effort when the heart increases its energy expenditure w it bout a 
concomitant mcreaso in the coronary blood flow , pain disappears a* the 
energy expenditure of the heart diminishes y\hcn the patient rest* 
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During the phase of increased excrete tolerance after an ansmal attack 
( \ Ji m big 2) there ws no significant diilcroncc m the blood pressure and 
pube rate recorded at the start and the end of exercise when compared with 
the tests done after a xorx long rest (Tablo III, Case 7 tests c and d, 
( iso lu te>ts r, rf, and r) Fins phase, therefore cannot be explained as 
one in which there is n dinnnished emerge expenditure of the heart m response 
to exert tse and we suggest that the increased tolerance is due to dilatation 
of tin < or on an xt*«tls as a result of the cxents of the previous attack 
Nit roglx ferine increased exercise tolerance considcrabh in all the cases 
showing this phase of inert e-ed tolerance and a previous attack of 
angina would thus nppe lr to act snmlnrlx to mtroglxccnnc although in each 
enso n gn xter < fit « t is produced by the drug Dimng the short phase 
(O \ in I iv 2 ) in which a minitiished tolerance is exhibited blood pressure 
and pube r.iti are both nine h raise 1 when exert ise begins and tins presumably 
more' than ontwughs am ttlccts from merensed toronarx flow (Table III, 
Casts 7 , t( ,t h and in, test l>) 

In tU* two c iso, of ours which showed no phase of raised exercise 
toll mice wt suggest tint the toronan urt illation though more than adequate 
for the tut Is of the lu irtutri't remained unaltered during exercise for the 
c xtrtisi toh rant e of cmew ns unuffeett eland of the other onh Eighth increased 
b\ tut roglx cc run m full dc»sts It has been shown in the ease of the limb 
h\ l«wis, l*u he ring and Rothschild (11) tint the time t then for the recovery 
of the piote -s in the muse lc fihrt which cixcs ri=c to pam is much longer than 
the' tunc tnlen for pun to pass off Snmlnrlx m these two cases exercise 
taken soon ufte r the cIh ippe irince of pain c\cn though pulse rate and blood 
pn sure ha\c returned to resting lo\els, finds unrecox cred mu&ele fibres m 
the hi'irt and pun returns epnc kh 


1 hr tfftri o/ i art/niif trie rate nj cicrn ve- 
in all the tests we lun e described so far, patients were allowed to choose 
their rate of walking oxer the steps hut this rate once chosen was adhered 
to m suhsi qiient te sts In si\ cases, after the control tests had been cstab- 
h bed m the usual wax, furtlier tests wore made at npproximatclx half the 
. tnndiud rate In four e nscs a definite mere no was noted m the number of 
etloi I s pei forme el In the two others, no significant alteration x\as found m 
repotted tests, and it is noteworthx that these were the cases m wlucli we 
had l ecu nimble to detect am signs of dilatation of the coionarx* x easels 
eluiuig exercise, and little oi none after mtroglx ceune (Cases 1 and 2 Table 
111) Txpn.il protocols are gnen m Tablo 1\ from one of these cases and 
ft om one of the otlici .incstosho* the usual extent of the increase m exeieise 
toll I. Kite at the slower rate Kmallx, m two of the cases showing increased 
tolerance at iatc- of exeieise below the standard, a reduction m tolerance 
was found when the into was mu eased ahoxctlie standard 
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To understand these results it must be clearly realised that even where 
reducing the rate did not affect exercise tolerance, the actual time taken 
from the start of exercise to the onset of pain was much increased (Table 
IV) When exercise begins, the rate, output and energy expenditure of the 
heart immediately rise above their resting level The energy expenditure 
does not nse so quickly, how ever, at slow rates as at rapid rates of exercise, 
so that a longer time elapses before it becomes too great for the coronary 
flow In the cases in which the coronary vessels are mcapable of dilatation 


TABLE TV 

The effect of exercise a different rates 


Test 

B P at 
start 

PK 

at 

start 

Efforts 
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nun 
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end 

PR 
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end 
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76 

H 
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on exercise, the low ered energy expenditure at half the standard rate can be 
earned for about twice the time, and hence exercise tolerance is unaffected 
In the other cases it may be supposed that the coronan xesscN dilate earh 
in exercise, and the diminished load on the heart at half the standard rite 
can be home for more than twice the tune so that exercise tolerance 
increases 

Patients do not usually distinguish clearly between the time t lken 
oxer exercise and the distance walked , thex all sav quite eorreetlx that it 
slow er rates of exercise, the pain takes much longer to come but thex do not 
usually realise that the} have not performed a corre^pondinglx greater 
amount of exercise 
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Angina sine dolorc 

■\\ lulo- seaiclnng for cases of angina of effort suitable for investigation, 
\m« encountered n patient with the following history H H , an intelligent 
unci© innn aged .V) jonn. employed ns a clerk, enmo to hospital on the 
22nd of Mart h, l'M.l He complained of attacks of an uncomfortable 
sennit uni m the lower part of the chest There was no past history of 
rheunintu four, chorea or venereal disease, tho AVassermann test was 
negative Tor about a \ ear he had noticed that he became unusually 
breathh on taking exercise 

The attacks whu h had started two months previously as he was walking 
to work wen brought on on!\ In exercise After walking for about 20 
to f>0 \ards on the level, he had a sensation of pressure m the chest, which 
he nisi <U t was not m the It ist painful , sometimes ho felt ns if his breathing 
had vtopptd \t first the nttneks frighteuicd him, gi'ing nse to dread that 
In wn i going to die In main attacks, but not in all, he felt giddj and faint 





and often lost consciousness, palpitation was sometimes experienced 
'1 he Miisatum in tho chest and tho giddiness usually passed off together 
aftc r about 30 seconds rest 

Clinical and X-rni examination showed that tho heart was slightly 
enlarged Signs of xcnoiw congestion wcio absent Tho pulse rato at res 
was 72, and tho rhithm icgular except for a xery occasional oxtrasj^olo 
no murmuis were heard Tho radial and brachial xcssels were tortuous 
and the empt\ v e-els could ho rolled under tho fingers , the retinal vessels 
we re norma! Tho systolic blood pressure was 130 and tho diastolic pressure 
on mm Hg The elc< t roc ardiogram show cd normal complexes and occasional 
ventue «ihu oxtrnsi stoles The other cluneal and laboratory findings 
revelled nothing abnormal 
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The patient was exercised until he began to feel giddy and faint, and to 
experience the uncomfortable sensation in his chest Electrocardiograms 
Mere taken as soon as possible after symptoms were experienced Fig 3 
shows the type of curves obtained , complexes of supraventricular type 
alternate with paroxysms of very rapid ventricular action verging on 
fibrillation These abnormal beats were wholly ineffective, the pulse often 
being absent at the wnst for as long as five seconds The observation w as 
made repeatedly 

The patient was greatly improved by rest in bed and the administration 
of qmmdine , after a w eek’s treatment, exercise sufficient to cause consider- 
able breathlessness no longer gave rise to paroxysms of arrhythmia or to 
faintness Four somewhat similar cases of paroxysmal ventricular tachy- 
cardia related to exercise have recently been recorded by Wilson, Wishart, 
Macleod and Barker (19) 

The central feature of the attacks described by our patient was a 
sensation of pressure m the chest which bore a constant relation to exercise 
and was accompanied by a fear of death Such cases are usually diagnosed 
as “ angina sine dolore ” Gairdner (2), who corned the term m 1877, applied 
it to an “ indefinable and indescribable sensation not distinctly accompamed 
by local pam ” and the sensation subsequently came to be identified with 
Latham’s (9) “sensation of approaching dissolution” Thus Allbutt (1) 
and Mackenzie (13) regard such a sensation as sufficient to establish an attack 
as anginal even in the absence of pam , the diagnosis is strengthened if a 
relationship to exercise can be shown Now, patients suffering from un- 
doubted angina very rarely complain spontaneously of such a fear of death , 
■when they do so, it will usually be found that the idea has been suggested 
to them None of our cases of angina of effort have described such a 
sensation On the other hand, the onset of an abnormal rhythm, as in our 
case, or even an occasional extrasystole may give rise to a sensation which 
the patient finds difficult to describe and which frightens him The 
“ universal pause in the operations of nature ” w Inch the unknown man w ho 
wrote to Heberden (6) described, though represented by later writers is an 
example of the sense of impending dissolution is clearly mterpretable as due 
to extrasystohe irregularity of the heart It is w hen such cardiac disturbances 
are associated with exercise that they most easily lead to the diagnosis of 
“angina sine dolore” Mackenzie (13) alone seems to ha%e realise! that 
Borne of these cases were due to the onset of an abnormal rhythm 

It has been offered as a proof of the reahty of * angina sine dolore ” 
that sufferers may die in one of their attacks Such an outcome would not 
bo surprising m such a patient as the one wo have described and w ould be 
attributable to a complete ventricular fibrillation 

We have been unable to find m past records a single case described as 
“ angina sine dolore ” which could not be interpreted in other w a\ - Few 
observations during attacks, observations so essential to anah sis, ha\c been 
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CASE RECORDS 

There have been no further deaths among the 11 cases previoush reported (IS) Exerci-e 
tolerance and response to rufrogh cenne has diminished m Case 1 Eseruse tolerance has 
diminished m Case 2 and increased m Cases 8, 10 and 11 , m the other cases it has remained 
unaltered 

Case 12 R T , a married man aged 60, was a clerk and later a garage hand 

Htstory 25 11 32 In 1918 while hurrvmg to work he experienced a sharp pam behind 
the sternum which passed ofi when he rested He had occasional attacks from 1919 to 1927 
but being a sedentarv worker was able to ai old severe exercise From 1927 to 1930 he worked 
ns a garage hand and had numerous severe attacks so that he ceased work m 1930 The pam is 
now brought on bv a walk of 200 yards on the level it still comes on exercise and on exercise 
alone It is situated behind the sternum and m the 3rd and 4th left intercostal spacer and 
in sei ere attacks spreads down both arms to the elbows , it passes oB in about 10 minutes if 
he rests It is worse on exercise after a meal but no relationship to the seasons has been noticed 
He also complains of attacks of momentarv loss of consciousness, apparently vaso vagal fainting 
attacks These are unassociated with the attacks of pam He does not easilv becomo 
breathless 

Examination He becomes more breathless than normal on exertion There are no 
signs of congestive failure The heart shows no signs of enlargement nor of a valve lesion An 
occasional extrasvstole is present at rest The peripheral vessels appear normal The 
ATassermann reaction is negative The electrocardiogram showo isoelectric T waies in lead 
H and inverted T waves m lead HI Wilde m hospital, he was discovered to hai e glvcosuna 
and a sugar tolerance test showed him to be a mdd case of diabetes mellitus This was casih 
controlled bv diet 

Besults of tests He became more breathless than normal on exercise The resting blood 
pressure was 170 '86 and pulse rate 76 The average number of efiorts to produce pam wi« 37 and 
the average duration of pam 2 minutes and 15 seconds The duration of pam was reduced sbglith 
bv amvl nitnte and considerably bv pressure on the carotid sinus Both nitroglveerme 1 3 mg 
(1/50 gram) and erytlirol tetramtrate 64 mg (1 gram) doubled exercise tolerance and reduced 
the duration of pam 

Case 13 W W , is a married man, aged 62, employed as a fitter s mate 

History 30 6 33 Six months ago while earning a heaw tube at work he experienced 
pam behind the lower end of the sternum which passed off when he stood still He lias since 
had manv such attacks, alwav3 on taking exercise and never at rest At first he could walk 
about half a mile on the flat before pam came but now a brisk walk of a hundred vards will 
start an attack. The pam which lasts for a few minutes is dull and m revere attacks spreads 
down both arms as far as the wnsts Associated with it is a throbbing m the client but ho 
thinks this is a separate sensation Iso difference has been noticed m exercise tolerance m 
hot and cold weather or after a meal He has become breathless on exertion for about a 
year 

Examination He becomes more than normallv breathless on exertion There are no 
signs of congestive failure The heart shows neither clinical nor X rav evidence of enlargement 
There are no signs of \ alve lesion The peripheral i esse Is are normal The Wassermann reaction 
is negative The electrocardiogram shows inverted T waves in leads II and III. 

Besults of tc>ts Tlio average resting blood pressure was 120 72 and the pulse rate 72 
The average number of efforts to produce pam was 1 7 on admission to hospital and the avoracc 
duration of pam was I minute Xitrogli cenne 1 3 mg (1,50 gram) more than doubled exereiMj 
tolerance without affecting the duration of pam but the pam now had no throb associated with 
it After this observation the patient was certain that the throbbing was not an ci-cntinl 
qunhti of the pain Ami 1 nitrite reduced slightlv the duration of pam Exerc-sc tolennee 
roso to an a\ era go of 36 efforts after rest m bed in hospital for 5 weeks and it has remained ot 
this lei el for 0 montlis 
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OBSERVATION'S ON ANGINA PECTORIS AND INTERMITTENT 
CLAUDICATION IN ANAEMIA * 


By G W PICKERING and E J WAYNE 

( From the Department of Clinical Research, University College Hospital 

Medical School) 


As analogy lias frequently been drawn between angina pectons and 
intermittent claudication, and in recent years much evidence has accumulated 
to show that the tw o kinds of pam are due to similar mechanisms operating 
in the muscles of the heart and limbs (Lewus, Pickering and Rothschild (18), 
Wayne and Laplace (28)) Believing in this view and recognising that m 
severe anasmia angina pectons is not infrequent, it seemed cunous to us 
that in the same types of anaemia intermittent claudication had not been 
descnbed Our investigation began when a grossly anaemic patient, 
presenting no signs of penpheral vascular disease, told us that if he 
walked a short distance he was brought to a halt by severe pam m the legs, 
which disappeared after a bnef rest We then closely enquired both for 
this symptom and for anginal pam m 25 patients admitted consecutively 
to hospital wnth haemoglobin concentrations of 50% or less, and who had 
been walking about before admission The results are summarised m Table I 
We found that 7 had experienced an aching pam m the muscles of the hmbs, 
mduced by exercise only and quickly relieved by rest, after cure of the 
anaemia the pam w as no longer experienced m 6 of them, while m one it was 
but slight No sign of structural disease of the limb vessels was found m 
any of these 7 patients In all of them we were able to elicit pam by 
resisting movements of the legs w lnle the patients w ere lying down, and to 
show that the pam so ehcited had the same characteristics as the pam 
of intermittent claudication The observations on four of these patient* 
are descnbed later (page 307) 

Intermittent claudication has probably escaped recognition m *ciere 
anrenua because it is usually a min or complaint, and one that is hablc to be 
grouped amongst the paroesthesiae that are common m the pernicious form 
Since Hemck and Nuzum (11) in 1918 drew attention to the occurrence 
of angina pectons in ancemia, many cases ha\e been reported, but there i« 

* Work undertaken on behalf of the Medical Research Council 
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disagreement as to its frequence Thus m permcious anffimia, angma pectoris 
u as found by Coombs (5) to occur m 8 of 36 cases, whereas ^ dims and Giffin 
(30) noted it in only 43 of 1,560 and Wilkinson (29) m only 3 of 270 cases 
This disagreement is probably due in part to a difference m method, for 
Coombs saw all his patients, whereas Willins and Giffin only analysed case 
records Unless specific enquiry is made, the pam, which is often a minor 
complaint, readily escapes notice It is also partly due to a difference of 
opinion as to what may be accepted as angina pectoris, for Wilkins on remarks 
that a number of his patients had “ pseudo-angina ” Several other observers 
have reported isolated cases (Cabot (3), Connor (4), Giffin (9), Levine (15), 
Beichel (21), Witts (31), Gwyn (10), Elliot (8)), but we can find only six cases 
in which reference is made to improvement or disappearance of pam with 
cure of the antemia, and in these the evidence is incomplete 

In our series of 25 patients S complained of pam over the sternum with 
or without radiation to the arms , the pam could be mduced only by exercise 
and u as relieved by rest , in 6 this pam w as no longer experienced after the 
anaemia had been cured, m 2 it persisted Two other patients (Cases 6 and 8) 
complained of tightness over the sternum which n as mduced only by exercise 
and relieved by rest , m one, this was associated with numbness of the left 
upper arm , m both, the symptom disappeared after the amemia was cured 
Acceptmg the view that tightness over the sternum has the same origin 
as anginal pam on effort, we have thus 8 typical cases and tv o atypical cases 
m the 25 anaemic patients, an incidence v Inch is of the same order as that 
found m pernicious anaemia by Coombs (5) We do not wish to stress the 
precise figures we have obtamed for the incidence of either intermittent 
claudication or angma pectoris m our senes of anaemic patients, smee it is 
small, but to pomt out that these complaints are neither uncommon nor 
restricted to any one form of anaemia 

In order to obtam more information about the nature and mechanism 
of these pains, both have been studied under controlled conditions 

Intermittent claudication 

We have said that 7 of our 25 anaemic patients complained of pam m the 
legs mduced by walking and relieved by rest Four of these patients, and 
5 others w ho had not experienced pam in the legs on walking, were clio=cn 
to exercise their limbs under standard conditions m the an’cmic and non- 
anaemic states In none of these patients were there anv signs of mvoh emont 
of the nerv ous system or of peripheral vascular disease , m all, the mam 
■vessels pulsated freelj* at wrist and ankle and the reactive hyperemia test 
was normal Exercise consisted of maximal flexion of the mdex finger or 
maximal extension of the ankle joint at the rate of one mov ement per second 
as described by Lewis, Pickering and Rothschild (IS) , the tension developed 
bj each patient was the same before and after cure of the anaemia The 
results of the exercise tests, summarised in Table H, are bneflv as follows 
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TABLE H — continued 


With circulation free With circulation arrested 


Patient 

' Hb 


1 

Pam 

l 



Pam 


Division B 

O/ 

/o 

Limb 

Begins 

Intolerable' Goes 

i 

' Begins 

1 Intolerable 

1 

Goes 




j min cec 

min sec 

mm sec 

min sec 

1 

min sec 

i 

mm pec 

W r H (5) 

3S 

Right leg 
Left leg 

2 33 

1 19 

1 4 00 

| 4 15 

0 03 

0 03 

054 

1 07 

i 

1 2 39 

1 204 

i 0 04 

i 0 02 

SO 

Right leg 
Left leg 

None ljn 6 rain | 
None ljn G min j 

I 

t 

04S 

1 07 

, 2 43 

1 2 15 

0 04 
i 0 05 

LL (11) 

33 

Right leg 
Left leg 



0 07 J 
0 05 

1 02 

I 07 

,127 , 

142 

| 0 06 

0 07 

OS 

1 

Right leg 
Left leg 

Xone in G mm 
Iione ljn G min 


1 30 

1 2S 

i 1 55 
| 1 50 

0 05 

0 03 

GL (20) 

I 37 

. 

Right leg 
Left leg 

1 31 1 

1 18 | 

2.20 

1 57 j 

011 

0 10 , 

1 ' 

• 

90 

Right leg 
Left leg 

None l^n 6 mm 
Xone i n 6 min 

i 

1 

1 

O D (23) 

36 

Right arm | 
Left arm 

124 | 

140 J 

2 33 

2 47 

0 12 

0 13 

0 29 

0 25 

0 54 i 
0 46 

1 0 05 

0 06 

S3 

Right arm 
Left arm 

Xono ljn 3 mm ' 
Xone ljn 3 mm i 




; 002 

0 03 

Division C 

3S5 

Right leg 1 
Left leg j 

3 23 I 
2 35 | 

1 


1 10 

0 55 

240 

2 15 

i 

0 04 

0 05 




WP (26) 

8S 

Right leg I 
Left leg j 

Xone ljn 8 mm 
Xone i|n 8 min 

1 

1 00 

0 55 

3 2G 

2 28 

0 06 

0 0G 

38 5 

Right arm 
Left arm 

1 26 

1 20 

215* 

1 50* 


0 55 

0 55 

1 15 

I 20 

0 05 

0 04 


S8 | 
1 

i Right arm 
Left arm 

2 00 

2 05 

3 oof 

4 15f 


0 47 

0 47 

I OS 

1 2S 

0 04 

0 03 


* Pain se\ere but not intolerable t Pom slight, exercise stopped throu-h fntmio 


pain indistinguishable from that of intermittent claudication , for like the 
latter it is a continuous aching pain developing m the working muscle® 
increasing steadilv as exercise continues until further w ork mav be impossible , 
it disappears quickly with rest, but is maintained during circulator! arrest 
even if exercise ceases 

In the non-ante mic (cured) state, the patients with one exception helm cd 
essentially as normal subjects Thus, with free circulation 0 experienced 
no pain, and 2 a slight ache which developed only after prolonged exercise 
and never became severe In only one patient (Case 14) vvn« the ache «cvcrc 
but it was less intense, even after twice the amount of exercise, than it had 
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boon durum the nnirmic stnto In nil patients oxercise with arrested 
cir< ulntion prodmed jimn in the times usual to normal untrained subjects 

The similar lx tumour of the xwmnotncnl limbs of nil the patients, and 
of the upper tind lower limbs of (Ws f and 2(», suggests that the development 
of pain m the ntiretnu state is due to n general cause affecting all the limbs 
equally *\s '1'able 11 shows, there was no essential difTorcncc in tho behaviour 
of tho-e p it tents who lmd exponetu ed pain m the legs on walking (Division A), 
and tho e who had not (Dmsion It), when tested under standard conditions 
No < an only suppose that tho patients of Dnision B had not walked 
sutlu i*’ht!\ faroripmkh to induce tlio pain in their hmhs , tw o of them w ero 
•doppid by anginal pain and two by breathlessness, intermit tout claudication 
then by bung ionic do l Thus tho dcwolopmeril of sc\cro muscular pam 
iluruig oMriise with fne (initiation semis to ho related to only one factor, 
the priietue of »<e\tre unreinm Tahiti II shows that when the limbs arc 
exerted with nrn «t(d tire illation, tho tuno taken for pain to become 
uitolemblo ft little influent t d by tho condition of the blood Thus thoro seems 
to he no permanent < hange induced In nmemin in tho tissues of the limbs or 
nmoua Mitom fawmrmg the drnelopment of muscular pain Tho pain 
d* \i loping during t \trttse with free urt ulation m an.emin must thereforo be 
ascribed to muuo abnormality of the cirt ulation to tho netnc muscles, and tho 
low owgen tarrying power of the blood at onco comes to mind To exclude 
the other po ubihty, that the bloodflon to tho active muscle is less during 
ana mta than after its cure, w o ha\ o compared tho hloodflow to tho foroarm at 
n -t and after gnen amounts of o\crciso in tlirco anrcmic patients with that in 
tho Mtmo patients after the nxwmia had been cured Tho forearm was 
l miner- oil for at least 20 minutes in water at 32 to 31°C and tlio resting blood- 
flow determined In thomethodof llowlett and \ an Zwaluwcnburg (1-) The 
effects of i \ereiso were uncstiguted m two ways (IS, IG) In sories A (Table 
III), tho cuculation to tlio forearm being arrested by a cuff on tho upper arm, 
a rubber lmll was squeezed maximally by tho hand onco pci second until pam 
stopped further exercise Then, after adjusting tho plotlivsmogrnph, tho 
pressure in tho cufi; was abruptly reduced to GO mm Hg and the inflow curve 
recorded B\ releasing and reimposing GO mm Hg pressure in tho cu , 
inflow curies woro repeated oxory two mmutes until tho hloodflow became 
normal In series B tho cull w as placed on tho uppor arm but not inflated , 
tlio ball was squeezed maximally onco a second until pam was soxoro the 
ball was then squeezed onco more to empty the forearm of l ; lo ° d ^ d t 
circulation nnmcdiatoh arrested by inflating tlio cufT Inflow curies wore 

then recorded ns m bones A 

Tho icsults minnnnnsed in Tnhlo III show thnt in two of t *' 0S0 * m ** e ^‘’ 
tlio hloodflow after cxcicisc wns tho snrao, nml in the i tto . g ^ 
nnicmtc ntnto thnn in tho non-nntonuc ntnto Wo inny 
produces nt ionnt ns gront nn mo.enno m hloodflow to tl o musolos dnrin 
nmomio ns in tho normnl ntnto Tho pmn oxpononood b, tho nnrenno 
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patients during exercise -with, free circulation is not due to a deficient blood- 
flow , but to an inadequate oxygen supply to the active muscles 

In passing, it may be noted that the rate of bloodflow in the resting 
arms of these patients showed no constant differences corresponding to the 
condition of the blood It seems likely, therefore, that the increased 
circulation rate generally accepted as occurring m anaemia (6, 19, 23) is not 
accompamed by an increased flow through the limbs In this connection 
it may be recalled that m anaemic patients Hewlett and Van Zw aluw enburg 
(12) found that the bloodflow through the arm was towards the upper limit 
of normal, -while Stew art (27) found the bloodflow through the hand to bo 
less than normal 


TABLE in 

Show* ihc bloodflow to the forearm in ex per 100 c e tissue per minute before and after cxen. ifc, in 
3 patients before and after treatment for ananua 


Case 

Date 

Hb 

or 

/o 

Boom 

temp 

°C 

El 

Duration (sec ) 

Bloodflow (c c ) 

Returns 

to 

normal 

min 


Exercise 

1 

Resting 

After 

exercise 

AC 

A 

12 9 33 

| 3S 

21 

34 

1 120 1 

37 

75 i 

5S 

20 

(10) 


10 1 34 

] SS 

21 

34 


1 37 

43 

3 b 

12 


B 

12 9 33 

3S 

21 

34 

GO . 

65 

G 9 

80 | 

1 20 



10 134 

S8 

21 

34 | 

60 ! 

65 

GO 

3S 

1G 

TV H 

B 

26 S 33 

42 

21 

34 

GO 1 

225 

57 

52 | 

16 

(5) 


19 12 33 

76 

21 

34 

60 

) 

225 

72 

61 

16 

TV P 

A 

16 8 33 

40 

21 

32 

140 

mm 

26 

2G 1 

14 

(20) 


11 9 33 

88 

21 

32 

140 

■■ 

65 

07 s 1 

i 

14 


B 

22 8 33 

47 

21 

33 

46 



41 

— 



11 9 33 

SS 

21 

33 

45 



45 



Angina pectoris 

We have already mentioned that 8 of our anaemic patients complained 
of pam over the sternum mduced by exercise and reheved by rest Of these, 
6 w ere asked to w alk over the special set of steps described b-\ "ft ayne and 
Laplace (28) until they experienced the pam, or could w alk no more In 4 
the pam was reproduced , in the other 2 cases exercise was stopped b\ 
giddiness and breathlessness In each of these 4 patients the pam showed 
the usual characteristics of angina of offort Thus it came after a constant 
amount of exorcise , it passed away m one or two minutes with rest , from 
beginning to end it was continuous and was ne\ cr throbbing or stabbing 
In the two anamne patients complaining of tightness oacr the sternum, this 
sensation w as also ehcited by w alking over the step? , it came after a constant 
amount of exercise, contmued without a break, and subsided m one or two 
minutes with rest 








































312 


PICK Eli I NO AND WAYNE 


In cncli pationt the tests w ere ropeated at various times during treatment 
In the two patients experiencing tightness, and in two of those experiencing 
pam during cxcrciso m tlic grossly nmeunc stato, these sensations were no 
longer produced ovon by vigorous oxerciso w lion the haemoglobin concentration 
exceeded 50% The actual cxcrciso tolerances, measured by the number 
of walks over the steps necessary to produce pain, are given ui the case 
histones, for different luemoglobm percentages In two cases exeicise 
tolcrnncc improicd gradually with rising haemoglobin content of the blood, 
but anginal jiam was still pio\okod, though by moro exercise, when the 
hemoglobin content wns within normal limits In Table IV tlie exercise 


TABLE iy 


St on t the gradual in rrta*( t« the number of effort* nra **ary to produce anginal pam, corresponding 
to the ri-mg h rtnogMnn concentration of the blocel in Va*e 13 


1 

Date Hb % 

Xumbcr of Efforts 

2'»1211 j 4S 

6 C 

J 1 31 

fill ( 

6 

- 1 11 

"0 \ 7 

* 

«l 1 34 

62 10, 10 

12 1 34 

62 | 0, 10 

17 1 34 J 

61 ( 11 

27 1 34 

66 

13 12 

O 

tw 

SO 

23, 25 

)3 2 3» 

S3 

23, 20 

1(. 2 31 

S4 

20, 20 

10 2 M 

SS 

33 

21 211 

8S 

11, 33 


loloranco of Caso 13 is scon to a ary mth the Incmoglobm concentration 
Case lOshon od n snmlarly increased tolerance from 10 efforts at n b^moj b 
concentration of 05<>/ o to 22 efforts at a concontratim of 9U “ 

gnon m the case Instory In both coses patients 

bv tho administration of a 1113 d nitrite Sine i j as cases 

angina periled m the non-antonne stoto, they '£*££££ Z 
of coionnry disease in which pam came moro easily when amemia 

^otneb and Sehiuogk (V), and 

that 111 coitam pationts suffering ascribed the pam to the direct 

bj' breathing air deficient 111 oxygon, and 11 a 
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220 


200 


180 


160 


140 


120 


100 

80 




ig 1 (Case 20 ) The chart on the left shows the effect of exercise sufficient to produce pain 
in the anaemic state , the right chart records the effect of the same amount of exercise 
after cure of the anaemia There is a much greater rise m heart rate and the blood pressure 
is raised less m the on ramie than in the non anaemic state In this and subsequent figures 
S.BJP and D.B P = systolic and diastolic blood pressure in mm Hg PR = pulse rate 
in beats per minute The haemoglobin content of the blood is gnen at the top of each 
chart Chi the left of the vertical rectangle are the resting readings before exercise was 
begun , to the right are the readings after the patient had sat down The number mcluded 
m the vertical rectangle and its height represent the number of efforts The length of the 
black horizontal rectangle gives the duration of pam 



ig 2 (Case 20 ) The effect of exercise after 1 3 mg (1/50 gram) of atropine sulphate had 
been injected mtravenouslv when the hmmoglobm content of the blood had risen to 5o° 0 
Tile nse in heart rate is comparable to that associated with pam when the hmmoglobm 
concentration was 37% (Fig 1) vet no pam is now produced 
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effect/ of anoxaemia on tlio myocardium It is, however, uncertain how far 
alterations m the energy expenditure of the hoart may have contributed to 
the production of pain, smeo measurements of pulse rate and blood pressure 
ore not givon It is w ell recognised that profound circulatory changes may 
occur m nnicimn , Liljcslrand and Stcnstrom (10) and Richards and Strauss 
(23) ha\ o show n that tho output of the heart is increased and Dautrebande (6) 
found a 300% mcicnse m cardiac output at a luemoglobm concentration 
of 20%, with a return to a normal inluo when tho haemoglobin concentration 
rose obo\o fi0% Alterations also occur m tho resting heart rate and blood 
pressure to an extent which differs in different patients 

In all the eases studied by us, tho reaction of pulse rate and blood 
procure to exercise m the onromic and non-anamuc states suggested that 
fnctois other than the effect of nnoxamiui had to be taken into account in 




□ 

Ht 


* 


■ 

■ 



n 




■ 

■ 

■ 



" o< 

_ 

_ 



■ 

■ 



O 


_ 

CJ 




O 

\ 




sap 





h 



_/S 

o- 





■o 

PR 




SB 

1 1 
— •- 

Q 

■ 

■ 

V 

■ 


■ 

i 


ESI 


■ 

■■ 




Kb 88 ' 

' '♦ 1 


✓ 


p‘ 





SE 
















n 





O 


• m 




P 1 

•o 


1% 



_E 

rjo PAPJ 

__ 


■ 

■ 

■EE 

88 / 


■ 

■ 

mm 



m 

m 

■ 

o 

■ - 




■ 

K 

3-0 

L_J 

r 

SBP 


■ 

L_ r 

Li 

u 

■ 

■ 



■ 

3 

■ 

g 

Q 

S 

9 

1 

■ 

3 


■ 

i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

llfl 

m 

m 

H 

■ 

■ 


Tip 3 


Attempting to ovplam lho .nsot of n jnat pnm 

shoiin by Wayne and Laplace (28) that , in angma ot ^ ^ eMrgJr 
of pain is closely rolatort t° a rise m ^yb tested, the nse in heart 

expenditure of tho heart In °' er J neater than after the same 

rate after cxoiciso in tho antemic state g 3 and 4 aU show this 

Amount of oxorciso in the non-ann.mio s ate ^ ^ mjeotmg 

u ell But by exorcising 2 pationts in the : n Me s m heart rate 

atropmo sulphnto no More able to “ Flgs 2and3shoM 

m Inch m the amenuo state bad been “^^osygen supply to the 
end, n result It is clear tbo.ofore tlmt tl,e d.mirns^^ y8 ^ ^ m the 

“C." ‘iTu^gb’T exaggerated nse in heart rate proba y 

'“".I or factor 

blood prcssuio in antemia In some casos 
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general level of mean blood pressure is greatly reduced both before and after 
exercise Fig 4 shows that in Case 21, after a given amount of exercise the 
mean blood pressure was about 40 mm lower in the anemic than in the 
non-ansemic state and Case 8 showed similar changes These falls in mean 
pressure are greater than those which were shown by Wayne and Laplace (28) 
to be without influence on the onset of anginal pain m simple angina of 
effort Anrep and King (2) have shown that the coronary flow in the heart 
lung preparation falls considerably with a fall in the mean blood pressure, and 
although compensatory factors no doubt come into play m the intact anaemic 
subject, a large fall in mean pressure cannot be neglected and may m some 
cases account, in part at least, for the occurrence of anginal pain On the 
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S 4 (Case 21 ) Shows the efiect of twelve efforts winch produced eternal pain when the 
htemoglobin concentration was 36% and no pain when the haemoglobin concentration was 
110% Compared with the non anamic state, the svstolic and diastolic blood pressures 
were greatly lowered in. the ansnuo state, both at rest and after exercise 

other hand, in other cases the alterations m blood pressure were found to be 
less pronounced (Fig 3) or were even in the opposite direction (Fig 1) and 
they are, therefore, not essential to the production of angina in anaemia 
We conclude that although m different cases different factors 
predominate, the main factor in the production of angina in anaemia seems 
to be that common to all the cases, namely, a diminished oxygen supply 
to the working heart muscle directly due to the diminished haemoglobin 
content of the blood 


Discussion 

In two anaemic patients (8 and 14) both angina and intermittent claudica- 
tion were experienced on walking and both disappeared after the anaemia 





PICKETING AND WAYNE 


31 C 


had boon cui cd In t w o other nnaumc patients (1 1 and 20) w nllong produced 

onh anginal pnm but exercise restricted to tho limbs produced intermittent 
claudication . Mimlnr exercises produced no pain m oitbor chest or limb 
m t hcsc patients in (be non-aiucinic stnto Thcso aro striking examples of 
the \\n\ m winch both angina pcctons and intermittent claudication may 
appe lr in an emin and disappear when the nmemin is cured Wo have shown 
that the me reaped liability to pum m the nnaniuc state is to be attributed m 
nnmnn pet tons largely, and in intermittent claudication whollv, to the 
dot rented o\ v gon e irrv mg pow er of the blood These facts servo to link more 
closelv th(* two maladies and point to a common mechanism of causation 
Moieovei the\ help to develop our conception of tho mechanisms of 
these pains To n\oid repetition we shall consider hero intermittent 
ihmluation, the simpler form of pain, noting, however, that the following 
remarks aro a No upplu ihle to nnmnn pectoris Lewis, Pickering and 
Rotle-<luld (LX) (nought evidence to show that the pnm of intermittent 
< Iambi atum is due to a sfmmhtion of pnm nerve endmes m the tissue spaces 
of the muscles bv a (benneal or phvsico chemical change, termed for con- 
venience factor P, wbiib is stable during circulatory arrest Factor P is 
in it-clf tlu ri-ult of some process probably met lbolic occurring in the 
muscle fibre during oxcrci-c Tliev showed that while the process vvithui 
the muscle fibre is determined bv the amount of exercise and is largely 
mdepende nt of the state of the c lreulntion fnctor P onlv accumulates m tho 
(issue spaces to a loved ndecpmtc to excite pnm when tho circulation is partly 


or emnplefolv mtemipted 

In this paper w e hnv o prov ided ev idcncc that tho occurrence of muscular 
pmn during exercise with free circulation m the nniemic patient is due not 
to an inadequate blood flow but to an inadequate oxvgen supply to the active 
muscles Since ns 1 owns, Pickering and Rothschild (IS) showed factor P 
i» not simple oxvgen lack, it s C emed to them probable that factor P 
represents the aceumul it ion of cbonucnl pioducts foimed during muscular 
contraction Tho suggestion is that these are products ordinarily removed 
|>v oxidation A similar suggestion has nlrcadv been made bv lussm (la), 
to explain the appearance of p mi during exercise m normal subjects breathing 
in, deficient m oxvgen Tho suggestion can be ensilv tested If aftei pain 
bus become intolerable dining exorcise with arrested circulation, exemso 
is stopped and the circulation released, the timo taken for tho pavv 
h. nn o .ol-.onH .ho ,.me mkon for tho fresh blood entermg the hmb 
: (»’“>• I’ «•« threshold fo. pam If factor P is removed by 

ovnhttion nod no. bv d„T,,,o» then ..ns U»e onglrtto bo .evened b. 
reducing the oxvgen svipplv without roduemg tho bloodflow lvct ^ r ° l 
^ 1 X 11 shows that 111 3 cases (t, vS and 10) tho pam disappeared a ter 
eirculatorv release more slowlv when tho patients were anamuc than when 
" « no, in .he .en.nnnng c,„c B the durnUon * 

circulii.oi v .dense nns sbor, nnd van ,mv 0 m 3 ^rmnl 

capneitv of the blood To test tins matter fmthei, wo 
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subjects arrested the circulation to a limb and exercised the latter until 
intolerable pain was produced Exercise was stopped, the circulation 
released, and the time taken for the pain to disappear determined These 
observations were made with the subjects breathing room air and repeated 
with the subjects breathing a mixture of nitrogen and 8 5 or 10% oxygen 
Erom Table V, which records the results, it may be seen that the pam took 

TABLE V 


Shows the time taken for pam to disappear from the resting limb after circulatory release in 3 subjects 
breathing air or an oxygen nitrogen mixture The pain had t n each case been brought to the 
intolerable point by exercising the limb with its circulation arrested 


Subject 

Gas 

B arm 

L arm 

H leg 

L leg 

K 

Air 

4 

“t 

ISf 

9* 

7 


10% 0. 

5 

12* 

9 

P 

Air 

5 

5t 



51 


8 5% 0. 

5 

lit 

— 

8 

W 

Air 

5 

ot 

10* 

8 


10% 0 : 

8 

13f 

“* i 

8 


•Pressure in cuff reduced to 100 mm Hg at circulatory release 
■f Pressure in cuff reduced to 90 mm Hg at oirculatorj release 


only a second or two longer to disappear when anoxaemia w as present than 
when it was absent If P factor is removed by oxidation, then it is clear 
that in these observations the oxygen supply has not been reduced sufficiently 
to delay the process materially, presumably because the flow of blood into 
the muscles is too great We, therefore, repeated the observations on the 
normal subjects breathing air and air deficient m oxygen, but after the end 
of exercise the circulation was incompletely released, the pressure in the 
armlet being dropped abruptly from 180 to 90 or 100 mm Hg It is to be 
noted that when air deficient in oxygen is breathed, the blood pressure rises 
and we may, therefore, assume that the inflow is less curtailed by tins partial 
release than when ordinary air is breathed Nevertheless m these circum- 
stances the disappearance of the pam is shghtly but definitely delayed by 
anoxaemia (Table V) We conclude, therefore, that factor P is normally 
removed mainly by oxidation 

Before continuing our mam argument we wish to refer to two further 
points arising out of these observations In the first place, the differences 
m the tames of disappearance of the pam produced by varying the owgcn 
content of the arterial blood are surprisingly small, and it seems hheh that the 
blood flow through the muscles may be so great after the end of exercise that 
even m the anaemic or anoxaemic state the supply of oxi Immoglobm is 
adequate to remove factor P very quickly Support for such a new is 
given by the recent work of Anrep, Blalock and Samaan (1) who belie\ e the\ 
have shown that during actual contraction the bloodflow through the skeletal 





















318 


PICK Eli IN 0 AND WAYNE 


muscles m 1 educed, presumably by compression of tho vessels , they, like 
others before them, found n great merenso in blood flow to follow contraction 
Jn llio second place, although no have concluded that tho pam is due to the 
accumulation of a motnbolito normally roraoved by oxidation, our observa- 
tions on nmenua nro consistent with nnothor ovplanatiOB The pain may be 
duo to an increased lndrogcn ion concentration in tho tissue spaces as a 
result of the diffusion out of the muscle fibres of a metabolite such as lactic 
acid , foi the main buffer si stems of tho blood, dopondmg as they do on the 
presence of luomoglobm and tho dissociation of oxyhromoglobm, mil be 
reduced m anrcima 'Jins argument npplios less strongly to experiments m 
which the owgon content of tho artonnl blood is diminished while the 
lucmmdohin content is normal , wo prefor, therefore, to emphasise the 
oxidntnc process 

To (outinuc our main argument, wo hn\o shown that the oxygon supply 
to the heart and xkelotnl musdes plaxs an important part m tho production 
of the p un of annum poet on® and of intermittent claudication Wo now turn 
to consider wh\ tin so complaints should appear m somo but not in all 


grossly anaunte patients 

It nun be reealkd that angina pectoris persisted, though it was induced 
!("••< r mii\, in two patients after cure of their anmmin, and m them it was 
torn hided that the coroimri art ones wero narrowed by disease This 
suggests as a fuM possduliU that angina poctons onl\ occiurs when there 
m some diM m* of tlie eoroimii icsscls, and that nimmiin, b}* lowering tho 


o\\gi n suppl\ to the heart still fnrthei, rcicals a pormanont limitation 
of enrounn blood flow that would ho unsuspected in ordinary circumstances 
A similar alia was fust put foiward hi Hcrnck and Nuzum (11) This 
possd.thu tun he (leaded ultimateh only by postmortem examination, 
nnd mu h material us lum been reported indicates that it is tho true explanation 
in some, but not m all, tnscs of angina pectoris in nmcmia Thus there 
uio at least fix o tus<s described (Cabot (.1), Willius and Giffm (30), Elliot (S)) 
m which no changes m tho coronaiv xessols wero found postmortem In 
our senes, tUo xnungest cases of undoubted angina poctons wore 3/ nnd 43 
uui-s old rt sped n eh, and it is possible that o \ on tlicso had somo limitation 

in coroimri (low duo to discaso of tho \cssols . , 

A similar condition of eurh disenso of tho limb vessels might a so 
explain the ocoiuronco of intermit tent claudication m aiuemia 
lo imidigatc this possibility that wo compared tho effects of oxovc ^ 
ihe limbs \mdor controlled conditions in four pationts who had, and four 
ZZXrXr™ not, experienced mtonmttont clauchcahon (»™ons 
. I ]) 'I'libloll) Ot thoso pntionts who had oxpononccd pam on \ g, 
ton), nr m developing unusually severe P- <hmng — 

"'III two el, mini. on in the "^^oStotlJrtltrBotim.1 changes had 
no direct wgns of nrtonnl di on o, P ^mbs tlie otlier three 

occuricd m lassols suppling muse t keTO was no evidenoe, direct 

patients who lmd experienced pam on walking there was no e 
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or indirect, of vascular disease Thus they behaved as normal subjects 
in the non-ansemic state, and m the anaemic state developed pain during 
exercise with free circulation no more readily than did those anaemic patients 
who had experienced no intermittent claudication The essential difference 
between the anaemic patients who had and those who had not experienced 
muscular pam on walking was not the presence of structural disease in 
the former and its absence m the latter, but simply that the latter had nei er 
walked sufficiently far or sufficiently quickly to mduce the pain , enquiry 
revealed that they were stopped earlier by breathlessness, giddiness, or 
anginal pain 

The anaemic patient may be stopped by one of four events, breathlessness, 
giddiness, angina or intermittent claudication If the coronary artenes 
or limb vessels are diseased the relevant event will be angina or intermittent 
claudication, if they are not, then it will probably be breathlessness or giddiness 
But in some patients, for a reason that is not yet at all clear, breathlessness 
and giddiness seem to be less easily induced, and exercise may be earned 
to the point of producing angina pectoris or intermittent claudication, even 
in the absence of local disease of the vessels 

A note on the electrocardiographic changes m anaemia 

Anoxaemia due to a diminished oxygen content of the artenal blood 
is known to give nse to a vanety of changes in the electrocardiogram 
Defects m conduction have long been recognised (Lewis and Matlnson 
(17), Matlnson (20)) and more recently attention has been drawn to alterations 
in the level of the R T segment of a type similar to those observed m coronary 
thrombosis (Dietnch and Schwiegk (7), Kountz and Hammouda (14), 
Bothschild and Kissm (26)) It is therefore rather surprising that e\en 
severe anoxaemia due to diminished haemoglobin content of the blood should 
be attended by so little change in the electrocardiogram Thus no electro- 
cardiographic changes were found by Reid (22) in 20 cases of pernicious 
anaemia, nor by Willius and Giffin (30) in 12 cases of pernicious anaemia, 
nor by Smith (26) in several cases of pernicious anaemia and microcytic 
anaemia The last observer also noted no change when the anaemia had 
been cured 

We have examined the electrocardiograms from ten of our cases of 
severe anaemia In one (Case 19) with angina pectons which persisted 
after cure of the anaemia there w as left ventricular preponderance In tw o 
cases the PR interval was longer than normal when the patient was anaemic 
and was within normal limits after cure of the anaemia Thus m Case 20 
the PR interval was 0 266 sec when the haemoglobin content of the blood 
was 33% and fell to 0 19 sec when the haemoglobin content was 07 % 
In Case 21, the corresponding figures are 0 205 sec at a haemoglobin content 
of 38% and 0 145 sec at a haemoglobin content of 110% In the other 
cases no abnormality was noted during the anaemic state Curves taken 
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immediately nftor tlic end of tho exorcise m three onremic cases (7, 13, 17) 
showed no changes m the shape of tho RT segment nor any change other 
than those dircctlv attributable to oxercisc alone 


StXMM VRY 


1 Pams chmcnllv nuhstingmshable from thoso of mtermittent 
t lambent ion and angina pectoris mav occur m anv typo of severe aniemm 
Of 27 consecutive ntnbulaton cases of severe antenna, 7 complained of 
pnm m the legs and 8 of puin in the chest induced onlv by exercise and 
leheved b\ red After euro of the annum a only one patient expcncnced 
paui in tho log*' and two pain m the chest 


2 In n gro'-dv nnnunic patients, excrciso of the hmbs without 
circulator} nriist produced severe pnm haxing the characteristics of 
intermittent claudication After euro of tho anrennn similar excrciso 
produced no, or onlv slight pain 

5 After a given amount of excrciso, blood flow through the active 
mUs( l,>, , s n t h«mt a** gre it m the nn.iunic as in the non-ana?nnc state 


t It l*- suggested that the stimulus which produces tho pain of 
intermittent claudication is an accumulation m the tissue spaces of 
metabolite*' normallv removed bv oxidation 

In t. ‘•overelv mi.enne patients complainuig of sternal pain or 
tightness on walking the sensation was reproduced bv exercise tests In 
l n it units the same exerejs<s no longer produced pnm or tightness when 
(1,.. 1.1, .ml r unturned more Hum .-.0% of lumnoglobm In - 
o\<r<iM lf.lm.lK,- mere neil »ith ruing limmoglobin content of flic blood 
hut pam could still he induced when the blood was normal 

1, The reaction of heart rnto find blood pressure to cxcrcrso K nstmllj 

".rodmtnm of nmim.il pom .* o diminished o X tgen supply to tho uortag 
heart muscle 

7 These oliscn ntion« support tho Men that angnm pcotons an 
inter nut tent cloud, eiil.on ore duo to sun, lor mechanisms operating m 
Jioirt and skeletal muscle*' 

„ Hensons oio gnen uh\ some, but not oil, oiuomle potionts eomplnm 
Of angina or of mtermittent claudication 

u No electrocardiographic chn ^^ ts °) l \ n t ^ C excrmso °In /patients 

anox.enna wore detected in nn J ?n Vf J £ tl o an iemic stato and was within 
the PR mtci \ al was abnormally long m tho anami 

normal limits after cure of tho nnnmna 
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CASE RECORDS* 

CASE 4 Haemorrhage from piles 

History Xo v 1931 FT, a tram driver of 33 years, lias been increasingly breathless 
on exertion for 8 weeks and has suffered from headaches m the evenings He also noticed that 
when walking his legs ached, particularly in the calves On walking up a hill near his home, 
the pain m his legs lately became so severe that he had to stop and lean against a wall for a few 
minutes until the pain disappeared , afterwards he walked on until a gam stopped by pain 
He never had this pam m his legs until 6 weeks ago and has only experienced it while walking 
He has had no ache in the chest He has suffered from hemorrhoids for years and dunng the 
last few weeks has lost a great deal of blood from them 

Examination He is pale Piles are present but otherwise nothing abnormal is detected 
Radial and ulnar arteries are palpable at the wnst Femoral, popliteal and posterior tibial 
pulses are easily palpable on both sides The dorsalis pedis arteries are palpable with difficulty 
but the lateral malleolar arteries are unusually large The reactive hvpersemia test is normal 
on both legs A fractional test meal shows the presence of HC1 The stools contain no occult 
blood A blood examination is as follows — W R negative R B C => 2,900,000, Hb = 30%, 
CJ = 0 61, WBC = 6,000 

Progress Treated -with iron and ammonium citrate 90 grams (6 gm ) daily the haemoglobin 
percentage rose to 84% on Xoy the 27th Occasional small bleedings took place from the 
hemorrhoids until treated by rejections On 16 12 32, a month after discharge from hospital 
(RBC = 5,300,000, Hb = 86%), he reported himself free from pam m his legs even dunng 
severe exercise, and also free from breathlessness and headache 

CASE S Chronic microcytic antenna 

History 'Mar 1933 I.S , a woman of 39, suffered when 26 from secondary anaemia from 
which she recovered after treatment with iron and arsenic Her present illness dates from her 
6th confinement 13 months ago, which was normal and unaccompanied bV excessive loss of 
blood Her periods have since been at normal intervals and not excessive Her chief complaint 
is of increasing breathlessness and palpitation on exercise For the last few months she has 
noticed a feeling of tightness in the centre of the sternum, brought on by exercise and disappearing 
quickly on sitting down She has also noticed that when walking quickly or going upstairs 
she experiences an ache m the front of both shins, which disappears quickly if she sits down 
Both the tightness m the chest and the ache in her legs are reduced only by exercise, but thev 
are never severe, and it is always breathlessness which limits her activity 

Examination shows a well nourished but pale woman , the tongue is glazed, the nails brittle 
and cracked The cardiac impulse lies in the 6th interspace 14 cm from the midline There 
is a late diastolic rumbling murmur and thrill at the apex and a systolic murmur at the base 
The neck veins are not engorged The liver edge lies 3 cm below the right costal margin, and 
the edge of the spleen descends 2 cm below the left costal margin in full respiration The limbs 
are well nourished, and good pulsations can be felt m the posterior tibial, dorsalis pedis and lateral 
malleolar arteries of both sides The reactive hvpenemic test is normal on both legs Xo 
abnormal physical signs are found m the lungs or central nervous system A fractional test 
meal shows achlorhydria Examination of the blood on 21 3 33 shows RBC = 2,920,000, 
Hb = 27% Cl = 0 46, WBC = 9,350 

Progress Treated with Blaud’s pills 90 grains (6 gm ) daily the lncmoglogin rose to 60% 
on 29 6 33, after winch it remained stationary until 0 7 gm copper sulphate was given daily 
from 13 6 33, the htemoglobm reaching 70% on 20 6 33 when she was discharged At this time 
(20 6 33) she was walking considerable distances without pam m the legs or chest and without 
breathlessness 

Summary of investigations on angina peetons On M arch the 20th 1933(Hb = 30 %) 14 efforts 
in 2 minutes produced in the chest a sense of constriction which lasted 1 minute 6 seconds after 
sho sat down This exercise altered her blood pressure to 140 mm Hg svstohe and 40 mm Hg 
diastolic and her heart rate to 174 per minute (registered electrocardiographically ) from resting 
values of 110/00 and 100 respectively 

On Juno the 22nd 1033 (Hb = 70%), 14 efforts m 2 minutes produced no subjective phenomena 
and altered tho blood pressure and pulse rate to 124/74 and 10S from resting values of 1 0 S', G 
and 80 respectively On the 6amo day, 100 efforts in 10 minutes altered tho puke rate to ICO 
and tho blood pressure to 150 / 72 without producing any abnormal sensation in her chest 

* We wish to express our thanks to Professor Elliott, Dr Bolton and Dr 3IcXoo for allowing 
us to investigate patients under their core 
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shows BBC = 2 280,000, Hb = 48%, Cl = 1 04, WBC = 3,100 The mean diameter 
of the red cells is increased The electrocardiogram is normal 

Progress Treatment with intramuscular rejections of campolon and Blaud’s pfll3 raised 
the hzemoglobm to 88% on 20 2 34 

Summary of investigations on angina The exercise tolerance at different hsemogobhn 
concentrations is given m Table IV The results of representative tests in the anaemic and 
non aniemic states are given with pulse rate and blood pressure readings in Fig 3 The rate 
of exercise was maintained at 8 to 9 efforts a minute in all the tests Nitroglycerine 
1/60 gram (1 3 mg ) bv mouth had no effect on exercise tolerance at Hb = 50% and Hb = 84% 
Inhalation of amvl nitrite reduced the duration of pam from 115 sec (control test) to 43 sec 
at Hb = 88% Atropine sulphate 1/50 gram (1 3 mg ) mtravenouslv at Hb = 84% reduced 
the exorcise tolerance from 33 efforts (control test) to 18 efforts, and increased the duration of 
pam from 125 sec to 200 sec 

CASE 14 Chrome microcvtic amemia 

History Jan 1933 A T , a manned woman of 40 has noticed for 6 months that when she 
walks quickly up hills or stairs her legs ache and feel tired She usuallv slackens her pace and 
this prevents the ache from increasing , if she stands still the ache disappears quickly The 
ache is brought on onlv b\ exercise, is felt simultaneously m both legs, and is confined to the 
anterior and postenor tibial muscle groups During the last month she has noticed that when 
she hurries for a ’bus she expenences m addition to the pam m her legs a dull ache situated 
behind the lower end of the sternum this is continuous does not radiate and is associated with 
breathlessness and a choking sensation , it occurs onlv on exercise and disappears qmcklv if 
she stops She has experienced increasing breathlessness on exertion for 6 months She knows 
of no abnormal loss of blood other than an excessive menstrual loss for about 6 months 

Examination Shows a well nourished woman, pale but without icterus The tongue 
is smooth and shmv, the nails are flattened and brittle The spleen is palpable 3 cm below the 
left costal margin The heart is shghtly enlarged to percussion (left border, 11 cm from mid 
lme) there are no signs of valvular disease or of congestion of the neck veins Xo abnormal 
signs are elicited m the lungs or central nervous system The pulses beat normally at wrist 
and anldc The reactive hyperemia test on the legs is normal A fractional test meal show 
no free HC1 Examination of the blood (9 1 33) shows IV JR negative HBC = 3,760 003, 
Hb = 40 %, C.X = 054 WBC = 6,800 The red cells show amsocytosis and n mean diameter 
less than normal 

Progress Treated with Blaud’s pills 60 grams (4 gm ) daily, the haemoglobin rapidly rose 
to 87% on 17 .2 33 Seen on 8 6 33 (Hb = 86%) 3 months after discharge, she reported that 
she experienced no breathlessness and no pam m the legs or che3t on exertion, though she was 
doing more work than before admission to hospital 

Summary of investigations on angina On 11 1 33 (Hb 40%) 64 efforts m 8} minutes 
produced an ache in the legs but no pam m the chest, exercise being stopped through dizziness 

CASE 19 Pernicious anzemia 

History April, 1932 A.W , a postman aged 67, two rears previously became easily 
tired and breatliless on exertion and experienced a pam m the centre of the chest whenever 
ho pushed his bicycle uphill He was admitted to hospital m December 1930 and examination 
of tile blood showed Hb = 70%, K.B C = 2,710 000, Cl =13 WBC = 7 000 Complete 
aclUorhvdna was present His hemoglobin rose rapidlv to 100% on treatment with liver 
and ho returned to work m February, 1931 Pam m the chest was still felt on set ere exertion 
He did not take sufficient liver and gradually became more breathless and suffered pam more 
easih on exertion and was readmitted to hospital The pam in the chest is now his mam 
complaint It arises onl\ on exertion, is felt behind the sternum and radiates over the 
precordiura It is continuous and passes off m a few min utes when he rests 

Examination He is pale The tongue is smooth and fissured The spleen is not palpable 
Ho becomes very breathless on exertion The heart shows no clinical signs of enlargement 
or of a valvular lesion Apart from brisk tendon reflexes in the legs no abnormal phi -ical signs 
ore elicited in the nervous system Examination of the blood (14 4 32) shows Hb = 50% 
BBC = 1,800 000, CJ = 14 11JJC = 4 700 The red cells show amsocytosis and 
polycliromasia The Van den Bergh test gives a positive indirect reaction The 1\ assermann 
reaction is negative X ray examination shows a heart of normal size with a prominent aortic 
notch and peribronchial fibrosis of the lungs The electrocardiogram shows left ventricular 
preponderance 

Progress Treated with { lb raw liter daily from 15 4 32 the lircmoglobm ro»c to 90% 
on 10 6 32 After leaving hospital he retired from work and no longer had attacks of anginal 
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pain Ho iraq stopjicd when ho walked b\ stiff no«s in tJio lops, nnd complmncd of “pms and 
needles ” nml of numbness in tho hands nnd arms Again ho foiled to continue treatment nnd 
Iraq readmit (cd in Haftli with Hl> — 45% Ho now had definite epasticitj of tho logs , 

tlio m hmt ion of n t mnng fork iuw not fill at the ankles Although tho nnmmio responded to 
injections of cntn|Hilon, tho spasticitv* of tho legs persisted nnd subscquontlj progressed 

Summon/ of inrr*ttr/aiion* on niu/nio On 2 2 32 (ITb = G0%) tho resting blood pressure 
was 12**'7I nnd juil-c rati 80 l’nin was ronsistentlv brought on bj 10 efforts at a rato of 16 
n minute nnd Insted iilmiil 1 minute 20 m roods Tho blood pressure re so to 108/90 and tho 
pul«e mtn to 112 Similar results wi re obtained! on 18 2 32 at Hb = 05%, 10 efforts at a rate 
of 12 a minute producing pain Xitrogliocnne 1/50 gram (1 3 mg) had no effect on exerciso 
toh ranee nr pain Inhalations of anvil nitrite did not nffeet tho duration of tlio pain Atropine 
(iiilpliate 1/50 gmin (1 1 ing ) git on intmttnmish had no effect on exercise tolerance or pain 
Carotid lurius pn s-mre diminished slights the duration of tho pain The exerciso tolerance 
im rinsed ratln r irngularlt as the am mia imjiroted and on 18 5 32 (Hb = 90%) 22 efforts 
at a rate of 11a minute pmduied pain which lusted 10 seconds Tlio pulse rnto nnd blood 
pn - iiin' ru « to 127 ami K>1 92 from n sting levels of 80 and 118/75 rospcctivclv On 19 9 32 
(Ifb 90%) 11 efforts at a rate of 12 a minute produced no pain, tho patient stopping from 
(i tiff in • of th» lets the pul i rate nnd blood pre<stm rose to 132 nnd 1GV80 from resting levels 
of if and 111 7S t\**»p» « tiw Iv 


C/1.1/ 20 lb < um tit hrmatcuH sis 

//, 0. t . 1 911 r; I. n painter aged 50 in Ifnv, 1D2D, middcnlv vomited about 
time pints of ilnri fluid and nuhi/qinnth passed black motions Ho noticed that when ho 
was Mi 11 ernuikh to vi all h< was stoppixl hv breathlessness nnd a pain in tho chest which passed 
off on n dim, (ns nnl.sl in note tnl . n 2 10 2'i) In St ptember, 1020, he ngnin vomited copiously 
ami w.h admitted to hospital IfctrasMiinl) nmmio(lIb = 21%, Cl = 043, BBC = 

2 210,9011) nml ninth occult blood was pn-< nt in tin stools After two blood transfusions his 
In tmal'ibut ro ■ to 10",, X rav I'xntninfttion revealed no nbnormnlitv of tlio intestinal tract 
He n turmsl to uorJ nml it as free from complaints until .Tull 1930 when, having vomited blood 
lie was main mlrmttn! to hospital Ills atools contained nltcretl blood Examination of the 
blm-1 ahou nl 1 lb - t.2%, C 1 r-OttRBC -= 3 2SO.OOO Agnm no cv idenco of a lesion of 
(be Moiniu li or dumb rium was n waled bv X rav examination He ropiclU improved nnd was 
w, 11 imtd 1 < brunrv 1912 whin hi was admitted to hospital after n lueinntemcsis Examination 
or the blood show, si in. - 4S% ci 7 0 8G BBC = 2,840,000 After two montlvi star 
■i. hospital las )u moglobm had risen onh to 50% He mnnngcd, however, to return to work 
nuvl did wit feel oslKxmllv unfit In Janunrv 1033, he again hod a small liocmatemesis and 
MiIm quentlv c oinpliuned of shortness of breath and pain m the chest on ^ aS 

is now hi i iluof complaint It is a tontmuoiis (win and is situated behind tho sfernumnttho 
levil of the 2nd till nml iloes not radiate It is brought on onlv bj exercise nnd passes oft 
when he rests if lie walks for 50 vnnls as quicklv as lie can tlio pain nlwavs comes Ho lias 
new r < x|x*ri( m'cti pa in in the legs 

f wiinimitiait There are no signs of ennhne enlargement Xo murmurs nro present 
Atidoiiiinnl exnmmntion reunis no nhnornmhtv Xormnl pulsations can ^ *dl in tho 

Aftaw-jw-;.- ij-g 

of tho blooil on mbnission shows Hb r- 37% B B 0 = 4,/UU,lum, ^ i > 

Prooreii He was given 120 grains (7 8 gm ) Blaud s pill dml\ nnd the liwnwglobin : roso 
to 90°r»u December, 1933. when ho was discharged Since then ho has returned to w , 
remained well, and had no pnm in his chest o\ cn after quite sev cro exertion 

Summon <./ .uortw'™' “» "»»•»“ HbJwg tSghr<>n 

r'lWSTcXt'S 1 rf"o S pof—c, » u,™ 

I/M *r a a 7 > 5s 1 ' S' Vo ZrnZJ z* 

T t X“ ‘ At Hb - £% ... ... bt 100 .(forts « . r... .1 8 » > 


CASE 21 Pernicious antenna . 

and down tho left arm ns far m t *' “^"nstmg for four or five minutes After 
sometimes at rest was a lienv v an ^ ’ from f or 2£ v cars although ho was 

a compete rest tho nUn f r H’ t T"^ About a vear ago tho attacks recurred, coming on usualli 
Sto XX Kb . d to 5» ..n.lulj Th» I».» » ■>»» brought on bt 
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exercise and passes oS when he rests It starts just to the left of the lower sternum and passes 
sometimes to the left shoulder and occasionally down the left arm He has recently felt very 
weak and breathless on taking exercise He has felt no pam m the legs on walking 

Examination He is pale and there is slight icterus of the conjuncture The spleen is 
not palpable The heart is not enlarged and there are no signs of a valve lesion There axe 
no abnormal physical signs in the nervous svstem Examination of the blood (22 11 33) Bhows 
BBC = 1,400,000 Hb = 34%, Cl = 12 WBC = 4 400 The mean diameter of tho 
red cells is increased The Van den Bergh test shows an indirect positive reaction (2 units) 
There is no occult blood m the stools 

Progress He was treated with daily injections of campolon for three weeks and then 
with fluid extract of liver The haemoglobin rose to 96% on 10 1 34 and 110% on 7 2 34 
He has experienced no pam m his chest on exertion since leaving hospital at Christmas, 1033 

Summary of investigations on angina Two representative results with pulse rate and blood 
pressure readings are shown in Fig 4 At Hb =■ 36% pam lasting for 45 seconds was brought 
on by 12 efforts at a rate of 8 0 a minute At Hb = 43% 45 efforts at a rate of 7 7 a minute 
did not produce pain , nor did 36 efforts at 10 a minute at Hb = 64% 
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OBSERVATIONS UPON MALADIES IN WHICH THE BLOOD 
SUPPLY TO DIGITS CEASES INTERMITTENTLY OR PER- 
MANENTLY, AND UPON BILATERAL GANGRENE OF DIGITS, 
OBSERVATIONS RELEVANT TO SO-CALLED “ RAYNAUD’S 

DISEASE ”* 

By THOMAS LEWIS and G W PICKERING 

(From the Department of Clinical Research, University College Hospital 

Medical School ) 

Contents 

A Raynaud's phenomenon 

1 Intermittent spasm of digital arteries 

2 Intermittent spasm of digital arteries with local nutritional changes 

3 Intermittent spasm of digital arteries with generalised scleroderma 

4 Raynaud’s phenomenon arising out of local injury 
B Bilateral gangrene of digits 

5 Bilateral gangrene of digits in the young and with infection 

6 Bilateral gangrene with hcemoglobmurta from cold 

7 Bilateral gangrene of digits in the elderly, and with disease of small 

arteries 

C Raynaud's phenomenon and gangrene m cases of arterial disease 

8 Thromboangeitis associated with Raynaud's phenomenon 

9 Cervical nb or crutch pressure causing Raynaud’s phenomenon or 

gangrene 

General comment 

One purpose of the present paper is to present evidence for the belief that 
several or many quite distinct maladies are at present grouped under the 
single term “ Raynaud’s disease ” The term “ Ravnaud’s disease ” has not 
been defined, and probably cannot be defined to obtain general agreement , 
stnctlj speaking we should mean by Raynaud s disease the disease that 

* Work undcrtaki-n on behalf of the Medical Research Council 
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if not spontaneous, could easily be induced by warming or rubbing the part 
The discoloration was always the result of exposure to cold, never of emotion 
There were no instances of necrosis or of other nutritional disturbance in 
the digits Enquiries showed the onset to be at or before puberty in a 
large majority, but the precise age of onset, if it is before 7 years, is rarely 
remembered with certainty Usually the attacks were reported to have 
increased m seventy for a few winters, then to have become stable or m some 
cases to have declined In Table I the cases are divided according to whether 
the attacks were very rare, occurring only m extreme circumstances, such 
as is provided by prolonged outdoor bathing (J hour or more), or were 
commoner, occurring not infrequently while out of doors without gloves 
or while dressing in cold rooms m wintry weather This division is convement 

but quite arbitrary, for there is no real boundary , bnef descnptions of 
Cases 1 and 2 illustrate the first and of Cases 3 and 4 the second group 
Case 1 ESD, a medical student aged 20 had noticed, as long as 
she could remember, that after swimming in cold water for half-an-hour 
or more her fingers would become blanched and numb over the distal 
phalanges , recovery occurred spontaneously on co ming out of the water 
and was associated with “ pins and needles ” m the fingers The attacks 
were uncommon, occurred only after bathing, and then only if the water 
was cold Her brother was similarly affected 

Cam 2 J A Y , a medical student aged 23, had noticed, as long as 
he could remember, that when bathing m cold water the distal phalanges 
of the index and middle fingers of both hands would become white and numb 
Colour and sensation returned to the fingers about 15 minutes after coming 
out of the water, and the affected fingers then tmgled The attacks were 
infrequent but were occasionally experienced if the hands were exposed out 
of doors in cold weather His sister was similarly affected 
Case 3 Nurse W , 26 years of age, had noticed for 4 years that when- 
ever her hands were exposed on a cold day, the fingers would become numb 
and white, the left ring finger to its base, the others to the proximal mter- 
phalangeal joints 'When warmed they would recover and tingle The 
attacks were never sufficiently severe to inconvemence her, and occurred 
m winter only An aunt, her only living relative, was similarly affected 
Case 4 JD, a medical student of 24 years, had suffered from “ dead 
fingers ” as long as he could remember The attacks usually occurred 
while dressing in the morning, began m the right third finger and mvolved 
successivelj* the right second, and fourth, and the left second, tlurd, and 
fourth fingers The attacks consisted of pallor and numbness beginning 
at the finger tips and spreading as far as the interphalangeal joints, the nail 
becoming violet When warmed thev vould recover and tingle The 
attacks occurred almost daily in mnter, rarely in summer, and were induced 
by cold only 

It will be noted in Table I that the common history is of very infrequent 
attacks, occurring under exceptional circumstances, and that m this group 
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males and females arc equal!} affected Instances m which attacks arc 
experienced more frequently namcl} , on wintry daj s, appear to be commoner 
m women than in men No difference m incidence was found according to 
occupation, muses and women doctors suffering equally Observations 
showing the indue nee of heredit} will be discussed at greater length 

TAJJLI T 


( A uin'i'r nf rntr* and ptrcrnhirjr) 





Male 

Female 

Ititinmiil i pi * n*nn 

m»n 

run 1\ 

12 (20%) 

11 (18%) 

lbunrui 1* ph* linin' 


fr» quint on wmtn *lnv* 

3 (5%) 

7 (12%) 

1 nnu 1 i ph no n 

non 

n* it r i x[v ri< nix t! 

43 (73%) 

44 (70%) 
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Ilerr/Ut)/ Among past records of “Ranmud’s disease” there are 
ui< iMonnl reft rimes to the nmlad} ns a family affection , usually a single 
rilntiw p in lit or child, is named , sometimes, ns in Column and Taylor’s 
account (7), other members of tho fnmih appear to have displayed similar 
phenomena The frequence with which Knuinud’s phenomenon occurs m 
•<iiir.il members of the sime fnmih Jias not been recognised Thus, of tho 
:t:t Mibji cfs of Table I who gave a hist or} of Raynaud's phenomenon no less 
than 10, when asked, spoke of a sunilni plicnomcnon in one or more members 
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] ip I hunt l'/ /. 'I hoxo exhibiting the Ravnnud phenomenon nro shown as black circles the 

ninmnder iw white cinles 


of the family Thus tho simple typo of Raynaud phenomenon seems to 
occur m moro than one membor of tho family as often as not This is so 
m pnit owing to coincidence resulting from the fiequcncc of Raynaud^s 
plicnomcnon m } oung pcoplo Wo attnbuto it m cluef pait to Raynaud s 
phenomenon being an inhoiited peculiarity , this is also stiongly suggested 
by soparato observations on two working class fnmihes now” to be described 
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Family R In this family, shown in Fig 1 , 1 male and 8 females 
are known to have been affected Each of these displayed the characteristic 
Raynaud phenomenon, a statement based upon interviews with each 
individual The attacks were brought about m each instance by exposure 
to cold , in only one instance was excitement said sometimes to be con- 
tributory In none was hasmoglobmuna a complication , migraine was 
or had been present m the two affected members of the senior generation, 
but in no others In all, the artenes of the hand and foot pulsated freely , 
in none was sign of sclerodactyly or of necrosis found In all 4 sisters of 
the family on the left m the chart, characteristic attacks were actually induced 
by immersing the hands in water at 15°C m a cool room ( 12 ° to 15°) The 
fingers were affected, as is usual, from their tips with gradual spread towards 
their bases 

The following are brief notes of the individual cases 
Case 5 A R , an engineer, aged 47, had noticed since boyhood that 
Ins fingers would become numb and waxy white m cold weather , his toes 
also were affected while bathing Warming discoloured digits reddened 
them and restored sensation, with tingling The attacks had become no 
more frequent or severe with time, and did not mconvemence him 
Case G Mrs W , aged 43, had noticed attacks of white numb fingeis, 
but not toes, on exposure to cold for one year 

Case 7 A R , a proof reader, aged 23, stated that from the age of 7 
her fingers would become waxy to their bases and numb on exposure to 
cold Her toes and the soles of her feet were similarly affected War min g 
these parts when discoloured reddened them and restored sensation, with 
tingling and sometimes sickening pain The attacks were very frequent and 
interfered with her work 

Case 8 HT, a schoolgirl of 15 years, had noticed her fingers become 
slate blue and later white to their bases and numb during exposure to cold 
The fingers reddened and became painful when warmed The attacks were 
frequent in winter, and occasional m summer while swimming Her toes 
were similarly affected 

Case 9 AR, a schoolgirl of 13* 3 ears, had noticed attacks of numb 
and either white or blue fingers in cold weather and m summer while 
bathing, from her 12th year The fingers recovered with the usual 
reddening and tingling when warmed or rubbed Menstruation began at 
13 years 

Case 10 D R , a schoolgirl of 12 years, complained that from the age 
of 10 her fingers and toes became numb and blue or white when exposed 
to cold The attacks were frequent, were sometimes contnbuted to b}' 
excitement, but never occurred in summer, except while bat Jung m cold 
water Menstruation had not begun In this subject and in Cases 7 and S, 
after immersing the hands in water at 43°, all the finger tips presented 
capillarj* pulsation, indicating that the digital artenes were free from 
structural disease 
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y/7 ' r ^ C , n txpiM ng< d 21 lmd noticed flint her fingers, blit not 
Jut toe**, would heroine numb and blue and later white m colour during 
cold weather, from her I tth jrar onwards Her fingers recovered when 
warmed 

( ft'-r 1J MW a *,< hootmrl of 17 \carx had suffered from attacks 
of wlute and numb fingers and toes m cold weatlior from Jicr 14th year 
Ibr fmgirs mound when warmed 

( <t<r t.* P \S , a m fioolgirl of 1"> loirs Jmd experienced attacks of 
wJute numb fingers in cold woitlioi from Jicr 12th ■sear Her toes were 
unaiTi eted 
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r> t«tvni<l»r »t» while (Ml i4«'ih« I lint the intlixnliml Mifftnvl from pnrovi-.nml headache, 
pn.t> iliH mt/T.uin' 


Pumty E Of tlus fa mils, shown in Fig 2, only one member was 
examined She was an intelligent woman and was interviewed a number 
of times, making enquiries among Iicr km to refresh Jicr memory or to increase 
her information She stated that tlie affection in t)io members of this family 
was preuselx similar to her ow n TJic follow mg aro brief notes of her case 
C as( n MU, a man led woman of 14 i ears, came complaining of 
p iro\\ smal headaches, limited to the right side and accompanied by vomiting 
from which *4»o Jmd suffered for .’» jenr* SJic stated that as long as she 
could lemember she Jmd suffered from “ dead fingers ” on exposure to cold 
U’he attacks oecutred frequently m the winter, but also in summer while 
dressing on a cold morning or after washing tilings m cold water Numbness 
would attract attention first and, on examination, the nails would bo found 
blue and tJio fingers white Immowon m warm water brought recovery, 
with “pins and needles” TJio toes wero smritorlj affected Tho attacks 
Jmd remained constant m degree No soics or painful spots had appeared , 
thero Jmd been no xisiblo blood m her unno, nor visual disturbances The 
appearance of tho patient’s fingers when warm was quito normal When 
cooled by exposure m a room at 15 P C or by immersion m water at 15 C, 
(lie fingers becaino fully cyanotic, first at tlicir tips, later to tho proximal 
mtorpJinlangcnl joints, tho fingers reddened quickly when warmed by 
munLum in water at 35«C Tho toes were similarly rendered cyanotic by 
oxposiuo Aftei immersion m water at 43° tho finger tips all picsented 
cai>illniy pulsation 
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2 DTTER1HTTEXT SPASM OF DIGITAL ASTER IES WITH LOCAL 
XtTTRITIOIsAL CHAXGES 

Illustrations of this well recognised group will not be given , the type 
was described by Raynaud (Case 11 of his original thesis) and instances 
have recently been extensively investigated and reported by Lewis (23, 
Cases 1, 2 and 3) A brief general description will serve to emphasise 
pomts relevant to the general discussion and to bring the type into correct 
perspective 

The original symptoms in these cases are precisely the same as those 
of the last group, namely, attacks of discoloured numb digits on exposure 
to cold with recovery on rewarming The fingers are more often and more 
severely affected than the toes, and it is to be remarked that in this and 
Group I the nose and ears are very rarely affected The cases differ from 
those m Group 1 in that the condition is progressive or occurs m more senous 
form from its be ginnin g , the attacks are easily provoked, occurring not only 
m winter but on the colder days and evenings of summer It is not a matter 
of occasional and brief attacks, but of frequent and often prolonged attacks, 
and perhaps of intervening periods during which the circulation to the 
fingers recovers incompletely (the state described as “ intermittent leakage ” 
(23)) 

Bloodflow to the digits of such patients is arrested or almost arrested 
for many hours each day m cold weather, and the affected parts, especially 
the fingers, nearly always show changes m their tissues Sometimes the 
fingers may present a little chrome swelling, or they become marked from 
time to time by chilblains, modified m appearance by the defective circulation 
to the part Clear evidences of atrophy are not unusual, the fingers then 
being narrow, tapering to their ends, the pulp of the finger diminished, and 
the slow growing nails ridged or increased m curvature In such fingers 
it is usual for the skin of the fingers to be less than ordinarily mobile 
Whether swollen or_ showing signs of sclerodactyly, flexion of the fingers 
is limited In those cases with the more obvious changes it is the rule for 
areas of necrosis to appear from time to time at the finger tips , minute 
scales or plugs of tissue separate very slowly and painfully, leaving tmj 
depressed scars , or little necrotic areas with or without previous blistering 
come at the border of the nail and discharge a little serum or pus and heal 
slowly It has been ascertained, m the more advanced cases of tins group, 
that the digital artenes are incapable of full dilatation , these are almost 
certainly the seat of structural disease tending a little to obstruct their 
lunnna 

It is to be understood that the picture here pamted is of an advanced 
state of the malady , between tlus and the type described m Group 1 there 
is every intermediate form , it is known that patients of the first group maj , 
but do not necessarily, pass over into the second 
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The pathogeny of Group* 1 and 2 


When the bod} and liml>s of a normal subject are exposed to cold, the 
blood flow through the digits becomes extremely slow , so slow that we know 
flic arteries must be almost closed Actual closure is, however, abnormal, 
and is the characteristic feature of the eases constituting Groups 1 and 2 
just tit scribed It is clear from the preceding account that there is a gradual 
transition from the normal subject in whom closure ncier occurs, to the 
sei ore case of the malad\ in which the arteries arc shut for long periods 
ouch <!u\ in cold weather in normnl and abnormal subject alike, narrowing 
of the digital nrtenes is the resultant of two factors, increased vasomotor 
tone in response to cold, and the direct response of the xcssels to cold The 
hypothesis that the circulation can be arrested locally, thus threatening 
necrosis of the tissues of t lie digits, In simple oicrnction of the Aasomotor 
nones, has recently been attacked where it was most strongly entrenched, 
munch , m its application to cases of the types hero considered 


r l Jius m the ere cases of Group 2, a long senes of experiments (23, 
21 and 2.1) Jins pro! ed conclusuelv tliat the theory of !nsomotor overaction 
is inadequate uml that closure of the digital arteries is due to a local fault 
m the !<ssols This evidence will not he reiterated here, it will suffice 
to recall the crucial obscrwifiom, firstly that attacks of full cyanosis can be 
induced m the digits by exposing them to the direct action of cold after their 
uisomotor supply has been interrupted by a local ana?sthctic or by 
sympathectomy, ami secondly that chilling of the body fails to produce full 
cyanosis m a hand kept normally warm 

The naturo of tins local fault is still unknown It has been ascertained 
for mam' of the eases of the type considered (those of Group 2) that the digital 
at tones me incapable of complete dilatation (23, 2G), and there is little doubt 
that they are often the seat of earl) structural disease, though the frequence 
and extent of such cliscaso has not been ascertained nncioscopically ~iso\ 
it would be reasonable to argue that mtimnl thickening ) narrowun 0 
lumen sometimes cause, a icssel, bought to a ccitam state oftouctoctoc 
prematurely , and it .8 possible to suggest that there is sufficient disease 
J„ certain of the cases of Group 2 to bring about closure m this manner, 
in that case intimal thickening might come to ^regarded 
the local fault But the suggestion that the local fault is i ) 

SriSsSsSS^ssrirasK 

ncivo section These are facts of obser » , « Thus it seems 

responso of the artoria, trail 

probable that mtimnl thickening, as tins is suppose 
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these cases, plays but a subsidiary part, and that the local fault m the vessel 
wall is more properly regarded as a functional one, an overaction to the cold 
stimulus It should be understood that whether mtimal thickening is 
regarded as playing a material part or not, the disease is to be considered as 
an affection of the vessels and not of the nervous system 

Now, although the evidence pointing to a local fault has been obtained 
mainly from the severer cases of the malady, it has not been derived ex- 
clusively from them Thus, strongly suggestive of a local vascular abnor- 
mality are the observations that when cold is applied locally it bnngs the 
circulation to a standstill only in those fingers directly submitted to its 
influence, and that warmth fails to restore the circulation to a finger unless 
applied to that finger and to its whole length These phenomena were 
witnessed repeatedly m the cases of Group 2, and they have been witnessed 
in cases belonging to Group 1 Thus they were seen m Cases 8, 10 and 14 
previously described, m all of whom the relevant tests were made In 
cases of tins kind the mduction of attacks by local cooling, under conditions 
m which there is every reason to believe that vasomotor tone in other parts 
of the body is within normal hunts, is frequently possible Decisive identifica- 
tion of the abnormal factor is, however, extremely difficult in those milder 
cases m winch the departure from normality is slight, because m such patients 
closure of the artenes ordinarily occurs only as a result of both the increase 
of vasomotor tone and the local response of the vessels to cold Failure to 
produce cyanosis m mild cases by cooling the digits, after paralysing then- 
vasomotor supply by local anaesthesia or sympathectomy, does not show 
that the abnormality lies in the vasomotor system For, even if the direct 
response of the vessel is abnormally strong, it is to be anticipated that m 
the mild case Raynaud’s phenomenon will be difficult or impossible to pro- 
duce by local cooling when vasomotor tone is abolished This is so because 
local cold, barely an adequate stimulus when vasomotor tone is normal, is 
inadequate when vasomotor tone is abnormally low Nevertheless, from 
time to time even m cases m which there is no evidence of early arterial 
disease, it may be shown that loss of s 3 Tnpathetic tone, induced by nerve 
anaesthesia, fails promptly to relieve arterial spasm previously present 
An instance of this kind has been described m an earlier paper bj Lewis 
and Pickenng (27, Case 2, Table IY) 

Neither in cases of Group 1, nor m those of Group 2, is there evidence 
to warrant the supposition that during spontaneous attacks vasomotor tone 
is abnormally high , attempts to show that the blood pressure is raised 
unusually, or that the limb volume di mini shes unusually in response to a 
general cold stimulus, have not succeeded All the phenomena witnessed 
are explained adequately upon the basis of a local vascular fault It maj be 
that the demonstration has not reached quite the conclusive point m the 
case of patients of Group 1 as it has in those of Group 2, but it has gone far 
There is also the general consideration that the cases of the two groups are 
not strictly separable and that a patient at first mcluded m Group 1 often 
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comes Inter to be included m Group 2 There is close similarity between 
the attacks m the two groups of patient, m the manner of their production, 
in the parts niTcctcd and tho order of their involvement, making it difficult 
to believe that tlieie arc two diseases, ono m winch the primary fault is 
local and another m which it lies m the nervous system 

If we compare in cold atmospheres, the normal subject and the subject 
displaying Rnvnnud’s phenomenon m its mildest degreo, wo shall recognise 
Hint the difference between them is a small one At all events tins is so 
if tho gauge is tho si/e of the arterial lumen and not the tone of the vessel 
wall The difference referred to constitutes an abnormality, which definitely 
tends to be familial In the mild case, and for reasons previously* stated, 
it is going to be a very difficult matter conclusively to decide by* direct 
endnirr whether what is apparently a slight departure from normality in 
response to cold is due to slightly higher vasomotor tone, or to a slightly 
greater direct reaction of the vessels themsches So we rest at tho moment 
upon less direct e\ ideneo and comparison A slight departure from normality 
is not enough to account for the difference between the reaction to cold of a 
normal subject and of one who experiences serious inconvenience through 
lelatneh frequent and prolonged arrest of tho digital circulation Here 
there is a graver divergence from normality , and as the malady becomes 
more conspicuous so tiie c\ ideneo points more convincingly to the local 
vessels as the primary seat of disturbance 


3 JNT1 mum NT SPASM or DIGITAL. VRTLRIES WITH GENERALISED 

SCLERODERMA 

Cases of this type have recently been discussed at length by Lewis and 
J Hindis (2G) and need no new illustration Tho attacks of discoloured 
lingers m these patients have proved indistinguishable from those of the 
last gioup , they arc brought about through a local fault and not through 
abnormal vasomotor impulses There are similar nutritional changes m 
the fingcis, namely, small areas of dry necrosis or of ulceration, and hardening 
of the digital skm Tho feature of this gioup is that the hardening of the 
skin is advanced and is not confined to digits, but appears also over tho 

shafts of the limbs and ovci parts of tho faco and trunk 

It lias been piovod by obseivation during life and after death that the 
aitcucs of t lie affected legions of skin aio the scat of structiual changes 
lending to obliterate then channel. But the patholopcal 
between .utm.il obstruction and sclotodormn remains obscure Cases of 

«*» tbnd group ha, « "r C:b"tlsl“rSoX 
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been demonstrated Furthermore there are seemingly rare cases where, 
even in the hands, hardening of the skin noticeably precedes attacks of 
discoloration , and m this instance it would be quite reasonable to argue 
from the order of events, that fibrosis is the end of a chrome infla mm ation, 
which causes proliferative changes m the small artenes, a view consistent 
too with current pathological teaching Thus two hues of reasoning would 
lead to almost converse conclusions, and impel us to the behef either that 
one or both of these lines of reasonin g is wrong, or that we are m fact dealing 
with two different diseases superficially resembling each other closely 
The position as it stands is here briefly given to display the problems which 
this particular type of case still presents , its provisional separation from the 
remaining groups is justified on this ground alone 

4 baynattd’s phenomenon arising out of local injurt 

Case 16 Spasmodic obstruction of the bloodflow to a finger following local 

injury 

E A D , a medical student 23 years old, injured the proximal 
mterphalangeal joint of the nght nng finger when hitting a fives ball with 
his hand four years previously At the site of the injury the finger swelled 
and became painful and remamed so for two or three months Some months 
after the injury he noticed that the two distal phalanges of this finger became 
waxy white m cold weather Sensation in this finger became definitely 
impaired when it was white When warmed the finger became red and 
sensation returned This affection persisted for two winters and then 
disappeared He never had similar trouble before the injury, and never 
noticed discoloration of other digits 

This is an instance of Raynaud’s phenomenon arising out of a single 
injury, a spasmodic affection dependent perhaps upon a changed reactivity 
of the vessel wall to cold, or perhaps upon structural change within the 
vessels 

Case 16 Raynaud’s phenomenon following long continued vibration 

M E , was a shoemaker of 27 years, who had noticed attacks of 
discoloration of his fingers for 1£ years At the time his trouble began he 
had been at his work for 5 J years, using a machine for modelling the shoe 
He held the shoe in both hands against a rapidly revolving wheel , if the 
shoe was not held with considerable force against the wheel it vibrated rapidly, 
the vibration bemg felt in hands and forearms Later he worked on a 
lasting machine , the shoe was held m both hands while the machine tacked 
the upper parts to the sole , the vibration was at the rate of about 120 per 
minute, and was felt by both hands, but not uncomfortabla The man who 
preceded him on the first machine acquired the same trouble , a worker of CO 
who used the second machine was also affected 

The first of his fingers to be affected was the 3rd left, shortly afterwards 
the 4th left, and then the other fingers on both hands On the right hand 
the 2nd finger was the first to show the change The attacks were never 
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provoked by the vibration of the machine, but only by cold in the intervals 
of work Exposure to cold air out of doors or immersion of the hands in 
cold water sufficed The fingers Mould become pale, pallor beginning at 
the tips of the fingers and spreading up ns high as the proximal mterphalan- 
gcal joint , eventually the fingers m ould become waxy m colour and numb 
When numb, the fingci could touch red hot coal without sensation, but it 
ga\e burning pain on recovery Recovery' was ordinarily associated with 
redness and tingling 

When the man came for examination Ins hands Mere warm and of normal 
colour IIis finger*. Mere thick, strong, and rather short The hands Mere 
marked equally In callosities on their palmar suifaecs and especially' on 
their radial sides His loft hand Mas immersed in Mater at 15° for 20 min 


m a room at ir>° The 5th linger alone became cyanotic, and this transiently' 
He then went out of doors (temp 0°) exposing his hands, and m 13 mm 
returned with fingers 2, 3 and 5 of the left hand blanched, 2 and 3 to their 
proximal interplinlnnge.il joints, 5 at its tip , the finger tips were insensitive 
to touch Indoors the fingers rapidly rcco\crcd their normal colour The 
left hand was again immersed m water at lo°, and m 5 nun the same three 
fingers betaine cy a nosed , the condition was however unstable 

This case is an example of an affection previously described on a number 
of occasions It would appeal from tiie accounts of Hamilton (10), Seyring 
(14) and Legge (21) that Raynaud’s phenomenon frequently dovolops m the 
hands of those who use rapidly vibrating pneumatic chisels to clean castings, 
and m those of factory workers who mould shoes by' means of pounding 
machines The hands become affected after using tho machines for periods 
of years It is quite evident that although tho affection is the result of 
using these machines, the attacks arc not provoked in this way , it is only 
when the hands become cold, and tins is usually when no work is being done, 
that attacks arc experienced The injuiious factor has been sougit y T 
Scvrmg and recognised by him to bo the vibration It is tho hand holding 
the vibrating end of the chisel, and the fingers nearest to this end, which 


suffer earliest and chiefly 

From previous accounts and from our own examination of a single case 
it m obvious that the attacks resemble those experienced by patients m 
Glows 1 nnd 2 , thc> begin in tho tips and spread up t]ie aDooted fingers 
uaay discoloration and numbness ultimately appear Isolated instances ot 
necrosis have been recoi ded , tlioro is also tho characteristic response to local 
cooling* Fmgcis ot such cases have not yot been tested to tocovor any 
evidence of local arterial disease, ulucli may ho presented by them, and no 
opportunity ha, occurred of oaa.mm.ig tho aitor.es directly Although 
the affect. on is clearly brought about by a local atimidus and emmot^n- 
ahly bo rofeued to the ncivous system, tho precise natme of tho disturbance 
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B Bilateral gangrene of digits 

We shall now consider cases which we believe to be of qrnte different 
type pathogenetically to any of those previously described, namely, patients 
who suffer from a single illness m which considerable parts of the digits are 
lost by a process of gangrene For purposes of further study these cases must 
still be kept in a few separate classes To simplify our account we have 
excluded cases of gangrene so massive as to involve the whole of hand, or 
foot, or foot and leg But it is to be recognised that this exclusion is arbitrary , 
there is no known clinical or pathological basis for sharp separation 

5 BILATERAL GANGRENE OF DIGITS IN THE YOUNG, AND WITH INFECTION 

First we shall consider gangrene of extremities in which there is no 
reason to suspect the previous existence of artenal disease 
Case 17 Acute and permanent obstruction of many digital arteries leading 

to gangrene in a young girl , the cause unlnown , subsequently Raynaud's 

phenomenon 

E P , a country bred girl, had suffered from neither infective disease 
nor accident before her illness She had always eaten white or brown, but 
never rye, bread Until her illness her hands had always been warm in 
ordinary circumstances , chilblains had never been experienced In the 
late summer of 1929, when 10 years of age, and during warm weather, her 
fingers and toes became discoloured At first and without warning they were 
red and swollen , but soon they became darker m colour and mummified 
This rapidly developing dry gangrene had lasted for six months when m 
March, 1930, we saw this child, who was well nourished and otherwise healthy, 
and of bright disposition When seen she was m bed in a cool ward On 
the right hand, the 1st and 2nd fingers were of normal colour though cold 
The distal halves of the terminal phalanges of fingers 3, 4 and 5 were 
gangrenous, the tissues bemg shrunken, black, hard, and dry Above the 
gangrene these fingers were of deep violet colour as high as the proximal 
mterphalangeal joints The pulsation of digital vessels could be felt 
distinctly even at the end of the 2nd finger, and m the normally coloured 
bases of fingers 3 and 4 The left hand was less affected , the 1st and 2nd 
fingers were normal m colour , half the ter min al phalanx of finger 3 was 
gangrenous , fingers 4 and 5 had been affected to a smaller extent, and the 
necrosed tissue had separated and the nails had regrown imperfectly The 
proximal parts of fingers 3, 4 and 5 were of deep violet colour The affected 
areas of the left hand remained deeply cyanotic after immersion m water 
at 35° for 10 mm The cyanosis persisted but was less intense after immersion 
of the hand at 40° for a further 10 min All the toes of both feet were deeph 
cyanotic throughout their lengths, and small patches of dry gangrene were 
present beneath two of the nails The whole of the end of the nose, down to 
but not involving the nostrils, was blue m colour and ven cold m comparison 
iwth the rest of the face , the discoloured area was sharply defined, circular, 
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aiul about 2 cm m diameter TJio checks -were a little cyanotic and cool, 
but the cars presented no abnormality 

We wcic assured that tho condition of fingers, toes, and nose had changed 
iciy little during a penod of many necks, and had not changed much since 
the early day* of the malady It was doubtful if the discoloration of the 
digits was continuous or discontinuous at the outset, but it was clear that 
the gangienc developed almost simultaneously m all the digits affected, 
as did the accompanying cyanosis m tlio more proximal parts It was 
manifest that at the time the child was seen the cyanosis was stable, and not 
the result of a spasmodic closure of the vessels A noteworthy feature was 
the shaip denial cat ion of normal and abnormal tissue, the pulsation of 
digital acsscIs being perceptible up to the actual border of discoloration 

Thcie was no history of bloody urine , and after a lump of ice had been 
pressed against the skin of the forearm for 5 minutes tho subsequent local 
read ion was normal 

TJ„s ]i it u nt vas next seen m .Time, 1031, at the age of 15 years She 
had pi on n to be a t ill pirl m the mtcnal of 5 years After she was last 
seen tho healing of her fingers continued slowly* but uninterruptedly’' There 
had been not the slightest fresh necrosis in tho fingers , but during her 
C ony alcsccncc she noticed for the first timo that her fingers became white 
and numb in cold w eat her All the fingers, except the thumbs, were afEected 
m this way , the discoloration starting at tho tips and progressing to the 
pioximal inter phalangeal joint or a little beyond Certain of her toes 
re icted sumlaily to cold Tho attacks were frequent in cold weather, 
occurimg imariably on going out of doors on cold day’s Her cheeks would 
also become blue, and the area of the nose previously affected would become 
more deeply cy anotic and cold She thought that tho attacks were gradually 


becoming less frequent . 

On examination tho fingers that had suffered necrosis were short, pulp 

and distal half of the nail of each having been lost But the slon was 
curywhcic mobile, and flexion of the fingers unimpaired The hands were 
w ai m, but her fingers cool As previously, the digital pulse could be felt 
at the base of o\ ery finger , but capillary pulsation oo rid h not be 'intodj 
any of tho affected finger tips by warming the hand to 43 .though it was 
present m both thumbs and m tho palms of both hands W hen the hands 
Lie thoroughly warmed at 35°, and tho circulation to the hmbs arrested 
foi 5 mm and released, the subsequent reactive hyreriemia was distinctly 
delayed m tho tips of fingers 2, 3 and 4 on tho left and m finger 3 «ie righ 
pule The only part of this patient’s face that was cold m a room at -.2 
was the end' of her nose, which was at 23’, while the rest of her face was 

1,C 'T S «m ui"“L 3 ca°s 0 ltlustiatcs an attack of proved d,soo = 
of tho fingers of both hands and “ d«l mth 

amoKtolfaur 00 °Jn g ld go.ng ft. years and — ty 
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leading to the formation of minute areas of necrosis of the finger tips, but 
with one attack, causing relatively massive gangrene and mummification 
of the finger ends To ascribe the attack simply to continuous spasm of the 
artenes in the affected area is impossible , the attack was too prolonged, 
the area involved was too sharply defined and unvarying, and the vessels 
could not be opened by warmth or by other means, as they invariably can 
m all undoubted instances of spasm The case is to be regarded as an 
example of sudden and permanent obstruction of the artenes, quickly 
causing death of parts of the tissues supphed and a permanent circulatory 
defect in other parts, recognisable four years later 

Case 18 Acute and permanent obstruction of many digital arteries leading 

to gangrene, in a young woman suffering previously from cold hands and 

feet , the cause unknown 

G E , a shop assistant of 20 years, had enjoyed good health though 
her hands were cold and red in childhood and chilblains occurred on hands 
and feet It had been her habit to eat white bread only , there was nothing 
peculiar about her diet , she did not smoke In November, 1932, three 
weeks before she was seen, and without change of general health or habit, 
her left 2nd finger became white and numb , and a day or two later the right 
2nd finger was involved They remained white for several days and then 
became painful and later swollen A few days after the mvolvement of the 
2nd nght finger, the right thumb became blue, and a fortnight later the 
3rd nght finger also , soon these fingers became swollen This blueness 
appeared especially when the fingers were exposed to cold air or water 
The 3rd and 4th fingers on the left hand became involved a week before she 
was seen The white fingers became blue, and the colour of all the affected 
ones darkened until, by December the 1st when she was first seen, necrosis 
had appeared in several fingers 

She was examined while warmly trapped up in a room at 21° The 
hands were well formed and the nails smooth and small On the nght side 
the thumb was normal m colour but presented a small necrosis at its tip , 
a large and tender area of necrosis, beginning to heal, was seen along the 
border of the 2nd nail , under the 3rd nail was a small necrosis Fingers 
2 and 3 were cyanotic, especially at their ends Fingers 1, 2, 3 and 4 of the 
left hand, and especially their tips, were also very cyanosed It was noted 
that while the palms of the hands and bases of the fingers were very warm, 
the affected fingers were cold, and the transition from cold to warm skin 
was relatively abrupt (Fig 3) The radial and ulnar pulses were full and 
the digital artenes could be felt beating at the bases of the affected fingers 
of both hands After long immersion of the hands m warm water (34° and 
then 40°), the affected fingers remained abnormally cyanotic, though their 
colour bnglitened a little 

On two occasions when the fingers w ere all cold the patient was placed 
in a hot chamber, the hands projecting The least affected left 5th finger 
warmed up quickly and fully (to 35°), so did the bases of all the fingers but 



342 


LEWIS AND PICKERING. 


the u arming up of the tips of the more affected fingers nas delayed and im- 
perfect, the temperatures reached being only 24° to 27° After soaking the left 
hand m untei at 37 0 for 10 minutes the circulation to the arm uns occluded 
and the arm Kept immeiscd On release, reactive hyperamna flooded the 



I If, 3 ('o; IS Jnntmn tlio 5th, 1(113 ThennwIeUnc readings of temperature of tlio 

jmlnmr Hurfucf s of the hands nfti r o\ postin' in n cool room 




! J fW 18 .himinn the fill., Kill The ureas of omhiosis appearing after unmetMtig 
the hands for 15 minutes in water at lf* c C 

hand fl ml fiiigcm 1 and B normally, namely in a second or ho, but the ends of 
fingets 2, 3 and 4 remained ciunotic, taking 20, 00 and 90 see , rospcc ivc i 
to clear The ,«ht hand, smnlarly tested, shooed Unrilff-n^ 
fingers 2 and 3 Immersion of tho hands in iratcr at 15 (E T I ) gnvo 
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within 15 min a complete display of the parts affected, these becoming 
cyanotic as shown in Fig 4 

The patient was in bed under observation for 5 weeks Dunng this 
period the condition of her hands changed a little , the same fingers became 
blue when exposed to cold as formerly , hut pam which was prominent 
originally m the fingers presenting necrosis, had subsided , and on repeating 
the reactive hypenemia test, which has been described, the flushing of the 
affected fingers was less conspicuously delayed 

Though cold and affected by chilblains from time to time, her feet had 
been normal Her face was normal Hsematuna had never been noticed 
Ice applied to the skin for i, 1, or 5 mm gave normal subsequent reactions 
Her general health was excellent 

This patient was last seen on October the 18th, 1934 The condition 
of the fingers was unchanged , they became cyanosed and numb when exposed 
out of doors in cold weather or when immersed in water at 15° After 
soaking the hands in water at 45° for 10 min capillary pulsation was seen 
distinctly in the tips of fingers 1, 4 and 5 of the right and m fingers 1 and 5 
of the left hand , m the remaining finger tips it could not be detected , these 
were the fingers originally showing relative coldness (Fig 3) 

This case is in many ways similar to that previously described (Case 17), 
though the subject was a little older and gave a preliminary history of cold 
fingers and chilblains There was dear evidence of permanent obstruction 
coming on withm a period of days m the arteries supplying a number of 
fingers on both hands, an obstruction, not by spasm, but by structural disease 
For the obstruction lasted too long to be spasmodic and could not be relieved 
by local heating, by reactive hyperaemia, or by general vasodilatation , and 
the areas of defective blood supply remained unchanged during a long 
period of observation The damage to the vessels was a last mg one 

Comment The curious malady, of which these two cases form illustra- 
tions, is exemplified a number of times in past records In Table II we have 
incorporated examples, selected to illustrate the chief points to which we 
desire to draw attention Using these cases and our own it may be said that 
the mam features of the malady are as follows It frequently attacks 
children or young adults Females do not seem more prone to the affection 
than males There is very rarely a history of previous attacks of discoloured 
extremities , very exceptionally there may be a previous account of chilblains 
The malady customarily starts without warning, several fingers or toes or 
both becoming discoloured withm a period of several days , not infrequently 
the end of the nose is mvolved and the ears The part attacked is not 
affected transiently or intermittently but remains discoloured until after 
weeks or months it recovers colour, usually with loss of tissue at its end by a 
process of dry gangrene It is essentially a single attack, an illness that is 
unrepeated, though there liaae been rare instances m which a second attack, 
slighter or equally severe, has come within a few months of the first The 
gangrene is considerable, tissue corresponding to the length of the nail or of 



L i: H JS A X J) P 1 CK HR] X G 


11 1 


T Mil 1 IT 


Itibi’tnil ■; iri> n w of i/pjift, in thr young, or udh utfirtton 




s \ 

1 




•Will 

S*mnd ( Jmigrerie ill 

Ihlntcml 

.A genet 


ok* 

lit tail 



liltWllUl 1 (VI) 

M 

*t» 

trn l 

one side blm 

Kmncmtion 

(< ' 12) 




onh 


1 lit Til It 1 

1 

sv 

1 21 tfv t 

\r«* 

Cliilblmns 

(< i n> 



iii lifir 


pre\ imish 

1 it 1' ' (1*1) 

I 

nd'llt 

fingi r ti« i, no o 

\N 

Unknown 

Mil n - (» 

I 


l 

\ri 

Unknown 

M i 1 I <- >} 


* 

» 1 7 ('X f < It X 1 1 

in liiti r 

Us 

Unknown 

1 ♦> >* *• (T 1 *) 

1 

I 

ti* * (Mu link n-) 

\Cs 

Cliilblmns 
pre\ iou.«h 

/ rN (Is) 

M 

I" 

•» < 

tlflgi rs trx i 

(Mu* no o) 

i rs 

Unknotrn 

H' ► (2) 

1 

21 

fink o- toes cnn- 

M * 

Ttoeent confine 


no • 


ment, posslbh 
ergotism 



I. •I.ui.l. r (II) 

(« > 1 '•) 

(( i 17) 

(( .» . l*i) 

M 

M 

I 

12 

!<> 

r. 

to > 

tix -i ntul fix t 
tOl l 

one side blue 
onh | 

Ms 

M'S 

Tvplius 

Tvplius (10 dn\>) 
Tvphu.s 

I n litinl (II) 

M 

Ill 

toes, ttr ( 

M'S 

T\ plioul i E 
(Gtb week) ( ® •= 


AI 

17 


\c*? 

Tvpboul ( x o 
(10 (lavs) ' — 

N n!i Im m ( 1 1) 

1 

2D 

fingera toes 
(blue curs) 

vrs 

Pneumonia, 
con\ nle«cence 

Ditfnur {'>) 

1 

1 


fingers tot I# nose 
anil enrs 
i 

\CN 

Pneumonia con 
\ nlcscencc , 
general skin 
eruption 

Dnnligiuu (s) 

AT MUIIIg 

fingers 

\0s 

“ Influenza ” 


Fnlihor 




Puwi 11 ( l*>) 

, M 

IS 

fingers, toes enr 

1 (blue no-o) 

\ cs in finger' , 
one enr blue 
onh 

Tliront infection, 
ton\ale«eence 

Jlufi liinson (!'*) 

M 

17 

finger-, toes, cars 

ACS 

20 necks pain in 
chest and exlmiu- 


1 


1 

1 

i 

tlOll 

1 nlin (12) 

r 

i 

i 

IS 

2 in lingers, toes (blue 

i Inter , nose, enrs, cheek*) 

’■ i 

1 

t 

Wocmted fev or, 
i skm erup.ion and 

1 ghcosuna 




"RAYNAUD’S DISEASE ” 


345 


one or tiro phalanges being lost , the necrotic tissue separates slowly and the 
healing may be prolonged for very many months The digits are almost 
always affected bilaterally, often quite symmetrically, and parts of the ears 
and the end of the nose are on occasion lost The area that becomes necrotic 
is less than that which is originally threatened, and deep discoloration may 
clear away from a digit and often does from the nose without loss of tissue 
In many cases the origin of the malady is quite unknown, occurring m an 
apparently healthy young person in whom no pre-existing disease of vessels 
can be suspected , but more often there is malnutrition or actual lllhealth 
at the time It has been recorded during the course of acute infections such 
as typhoid and typhus, during convalescence from pneumonia, and m other 
or less clearly defined acute infections The cases are often recorded under 
the accurate title “symmetrical gangrene,” they are often reported as 
examples of “ Raynaud’s disease ” 

It is impossible to admit these cases within the groups previously 
discussed, namely with the spasmodic cases It was while discussing cases 
of the kind that Hutchinson wrote nearly 40 years ago, “ All who have studied 
in any detail the cases which have been grouped together under the name of 
Raynaud’s malady will admit that the time has arrived when they ought to be 
classified They are not all alike, nor do they all tend to the same results ” 
We have come ourselves to the same belief and to agree that these cases 
should be separated sharply from those characterised by transient attacks 
of cyanosis , and we are not deterred from expressing this view by the fact 
that Raynaud incorporated the case displaying many attacks of discoloration 
and the case displaying a single attack of symmetrical gangrene m one 
pathogenetic category He believed both types to be the result of spasm of 
the vessel wall , m support of spasm m the first he provided clear evidence , 
m support of it in the second he provided no positive evidence except the 
feature symmetry The symmetry of gangrene was to Raynaud of much 
importance, as may be judged not only from Ins text but from the title of his 
mam thesis, and it stood to him for an evidence of primary involvement 
of the nervous system This cannot now be allow ed, for symmetry is known 
in cases of gangrene clearly arising out of arterial disease {see Cases 19 and 20 
and comments) Hutclunson (19) thought that the malady arises either be- 
cause there is a severe affection of the heart, or because a poison has gamed 
access, producing temporary closure of peripheral arteries In either wa\ 
si mnietri could be explained , he was unwilling to believe m permanent and 
symmetrical plugging of vessels It is here to be noted that in the case records 
of various authors reference is often made to the mam arteries supplying the 
affected parts, to the popliteal vessel or to the two mam arteries of the foot, 
and these vessels are stated to be pulsating Raima ud s earlj distinction 
was between gangrene following disease of mam arteries, and gangrene m 
subjects m whom the mam vessels were felt to be pulsatmg or were found 
open after death , it has been assumed too readih that gangrene must be of 
spasmodic origin if the man i arteries are open The smaller arteries have 
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r,ooucd 'cry .(tie attention and ,t is here that our own observations are 
important these ha%o confirmed the fact that the mam vessels are un- 
oiwtriK If d, but they have brought clear evidence of obstruction m 
Msst ’ 14 11,0 or(1or digital arteries, of obstruction above the level of 

m i row in the finger, but of obstruction winch is unreliovable, permanent 
and therefore to be adjudged structural Hutchinson emphasises the nose 
part it ularly. refusing t o hche\ c t liat plugging of its vessels can cause gangrene 
>rt in our min patient (CVo 17) the end of the nose, wlucli was threatened 
In gangrene in the initial stages of the attack, liko tho fingers retained the 
d« feet in blood supply for jears after all signs of active discaso had vamshed 
(« similar <\ent oteurred m 1'aurcV case (13) m Mendel’s case (29) and 
m the fingers of our Case IS) , it is difficult to imagine any other explanation 
to account for these facts than that tho \cssels were originally plugged 
We com hide that the cause of circulatory obstruction m our own patients 
v.i«. a change m small arteries, coming abruptly and permanently closing 
them An initial spasm of these \ easels, the result of poisoning or other 
ng» nc\ might concmnblj ha\e started this process, but it could not have 
result! d m a pirsistent state of obstruction Wc believe, therefore, that tho 
« hango was structural and. to be more specific, thrombotic This thrombosis 
ma> June been the initial change Conceivably, it may havo occurred as a 
sequel to a condition of spasm, but wc possess no evidence to support such 
an assumption 

Cases 17 and 18 of our senes, and tho cases of Paurc and of Mendel, are 
of further interest m illustrating how Raynaud's phenomenon, or spasmodic 
arrest of circulation to digits m response to cold, may appear whoro there is 
old standing disease of the arteries to tho fingers, brought about originally 
1>3 an ncuto process 


0 RILATI RAT, GANGR1 NR W 1T1I HEMOGLOBINURIA FROM COLD 

Tho relation of discoloration and gangrono of tho digits or parts of tho 
fnco to luomoglobinuna from cold has been discussed m provious papers 
(17, and 23 page S3) from this department, m which references to cases will 
bo found Tho pationts recorded havo usually boon males, ofton children, 
but sometimes adults They suffer from hiemoglobiiiuna after oxposure 
to cold, Inn c experienced usually ono but sometimes sovoral attacks of 
gangrene Tho gangione is generally bilateral, affocts tho tips of tho ears 
particulaily but may also affect fingers, toes, or nose , it is usually clear 
that it lias followed oxposure to cold Gangrono may not occur, but attacks 
of cyanosis (see By water’s rccont case (0)), or of wdutoness and swelling, replace 
it , or gangrene and discoloration occur m different attacks m tho same case 
Tho patients nio ofton infeoted congomtally or otherwise by syphilis These 
cases are closely allied to instances of hrcmoglobmuna with urticaria, both 
of wjnoli nro responses to cold , tins lmkago is emphasised by tho occasional 
occunenco of gangrono and urticaria m the samo case Htemoglobmuna 
from cold is duo to tho aolion of a hromolysin , urticaria from cold is due to 
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the action of a related dermolysm , cases displaying these phenomena are 
therefore of a very special kind It has been suggested that gangrene m 
cases of hsemoglobinuna is due to the action of a lysin either on the skin 
itself or upon the endothelium of its blood vessels, leading to thrombosis 
in these The peculiar clinical features of the cases of gangrene here 
considered and the possibility of a very special pathogeny, renders it essential 
that they should be kept in a category of their own 

7 BILATERAL GANGRENE OP DIGITS IN THE ELDERLY, AND WITH DISEASE 

OF SHALL ARTERIES 

In cluneal form closely resembling the types of massive gangrene just 
described is a form of gangrene occurring in elderly people In these it may 
be associated, as the following cases show, with demonstrable disease m the 
arteries of the affected fingers Therefore, it is again desirable to keep these 
cases separate 

Case 19 Acute and permanent obstruction of arterial supply to many fingers 

tn an old woman, leading to gangrene , autopsy 

NP,a woman of 67 years, had noticed her hands to be cold all her life , 
she had never experienced chilblains of hands or feet She had been healthy, 
with the exception of a varicose ulcer of her nght leg, which healed a year 
previously Three months before admission a number of her fingers became 
discoloured and very tender , the fingers were affected one after another 
in the space of two weeks , they became steadily worse, the area of discolora- 
tion extending upwards Discoloration was not intermittent, but persistent 
wherever it appeared There had been discharge from the 2nd and 3rd 
left fingers During the last weeks the pam in the fingers had been present 
almost constantly, there were periods of a few hours comfort and other 
periods of “ dreadful ” pain The pam was increased by heat and relieved 
by cold 

On examination the metacarpophalangeal jomts showed distinct 
swelling with slight ulnar deviation of the fingers The fingers of the nght 
hand were all cold, but especially fingers 1, 2 and 3 Fingers 2 and 3 were 
discoloured , they were covered with thick soiled skin, but despite this 
covering they were obviously cyanotic , the corresponding nails were short 
and distorted, the epithelium being heaped up beneath the free margin of 
each , much of the pulp of both these fingers had been destroyed by recent 
necrosis , both the fingers were very tender The ulnar pulse could not be 
felt, the radial pulse was large and occlusion of it showed that all or almost 
all the blood supply to the hand was earned by this vessel This hand was 
immersed m water at 41° for 15 mm , the cyanotic areas of fingers 2 and 3 
darkened, fingers 1 and 4 became cyanosed at their tips , capillary pulsation 
was just distinct over the whole palm, but in no finger tip , digital arteml 
pulses were felt at the bases of fingers 4 and 5, but not m fingers 1, 2 and 3 

The left hand showed the same jomt deformity as the right All the 
fingers of this hand were cold and cyanosed, and distinctly swollen The 
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decoloration extended through the whole length of fingers 2 3 and 4 and 

"-'"I- <f l «H « The Sri, U l ri MhfZrs «r" al l’™ 

U ft rW'T 1>U v ,° f °‘ uh I,rcsu,tc<1 cons J ( ^erable areas^f necrose Tim 
’• fl ™f nl , P'".-" '“W, hut no tili.ni or puhe „„ s palp ^ lc ^ 

Jh (( inclus ahou* the nnkli was the large scar of a healed ulcer The 
dop h ptd.x ftrlerx pulsate tl freely on both sides , the posterior tibial 
1 uls it ion w as ft It on the h ft suh on!> On the right side, all the toes and the 
t ({joining jurl of the foot were flushed and a htllc ejanosed The ball of 
this foot was diit mi th -nolle n, hot and extremdj tcndci , but no part 
of tin skin bail in ( rostil 1 

'Jhe pit tent w.m sitfTinng from genual arterial disease and high blood 
tomum pi min Ifg) 1 f< r inart w as enlarged and presented gallop rhx-thm. 
Jhe ftmui f'hmu (l arttrio^chrotic retinitis, the blood contained 117 mg 
urc i pir l(i() t i , the urine was noinul , the Wassermnnn reaction was 
negative len ila\s aftir hung examined she died of cerebral luemorrhage 
Aulnp-if 'i'Jie In irt wughul ts.7 gm , the whole aorta was m a state 
of aihanud ntluroiim, i\t< tilling into all the vessels of the head, neck and 
limb-., with uli t ration m tin am fa itself TJie riglit Kulnev contained a few 
t ill till and was almost tnmplek 1} atropine the left was small and granular , 
its \iss(js wire pa tint hut diseased 

On the right Mile the ulnar and radial arteries, the deep palmar arch 
and the four aiti rus to the index and middle lingers wete dissected out On 
the lift side the digital vessels to tiio fifth finger onlj were exanuned Pieces 
of nrkrv, I cm long, were excised and sectioned serially, the sections being 
stained on separate slides witJi lucmatoxjlm and eosm. Van Gicscn’s stam, 
or Weigei t’s elastic slain Ever} vessel examined show cd fibrosis of the 
media and slight or moderate general thickening of the mtirna This thicken- 
ing of mtirna was one throughout which coarse clastic fibres wcie found, 
from winch wo concluded Us underlying process to have been artciioscleiotic 
Jn addition to this general change m the arteries wero more local changes 
which will bo described for the vessels separately 

left rail in! ariin/, tnlfii lhr«o mi lies proximal to vvnst joint Tlio lumen was patent but 
ovir j» li nglh of 2 mm was nihiu.il to nn cicentm clunk bv great liitunnl thickening winch 
was nlntuilv ulluliir niul contained little or no elastic tissue 


I fjt uhuir arttry, till in three inclies proximal to the vrrist joint Proxminllv and di«talh 
tin* liinidi was tie id h\ a henvilv jiigincnted canalising clot , in the intermediate portion of 
t!u \i <1 the lumen was open 

Thf UJt dccji jnttmnr arch Where examined, near its origin from the radial, the lumen 
was putt nt 

Th‘ hjt common digital urtrn/ to the \th and r>lh finger* , where examined, in the proximal 
part of its course, the lumen was patent 

,lrlt r« * supplying It Jt index Jtnycr (a) Artcna colons lmlicis rttifioli* in tlio palm had 
nn ojm 11 limn n throughout the ct litunetre exiimined At the base of t ho finger, tho lumen was 
pale nt but grt nth n dined, ami at om* jaunt almost obliterated b\ mtmial thickening, sparselj 
a llular and contauung scat ten d fine elastic fibres At the finger tip, a centimetre of tho arterv , 
just proximal to tin luirotio area, was widelv dilated and untluctcned m its proximal parts 
United distnllv a tap of rt'ceut IiIckkI clot was succeeded bv nn obliterating thrombus m nn 
luhaueid stng< of organisation At the point of obstruction, tlio vessel wall was great lx 
(ontrmted, and its nd\i ntitia hurrouiulid bv dense connective tissue , nt this point tho thrombus 
and nil coats of tho vi-scl contained much brown pigment (6) Digital nrtcrv of ulnar side 
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At the base of tie finger this artery was small, and the lumen much reduced by lntimnl 
thichemng contamed fresh blood throughout the piece examined In the distal centimetre 
of the finger the vessel could not be distinguished with certaintv, though the sections included 
all the soft tissues of this side of the digit cut transverselv 

The digital arteries of the Uft middle finger At the base of the finger, the lumen o: one 
of the digital \essels was completely" obliterated by organising pigmented clot, the lumen of 
the other was open but reduced bv mtimal thichemng At the finger tip, juat proximal to 
the necrotic area, both \ ess els were completely obstructed bv organised, pigmented, canalised clot 

The digital arteries of the right little finger (a) Arterv of radial side At the base of the 
finger, the lumen of the vessel was almost obliterated by mtimal thickening containing little 
elastic tissue Traced distallv the lumen was closed first bv fresh clot, then bv hvalrne clot 
and then bv deeplv pigmented organised thrombus Near the tip of the finger the lumen was 
first open, and then closed by organised canalised and deeplv pigmented thrombus (6) Artery 
of nlnar side At the base of the finger the lumen was patent, except for a short stretch where 
it was occupied by livalme thrombus beginning to organise At the finger tip the lumen of the 
yessel was patent 

Comment A sufficient number of arterial specimens were examined 
and have been described to make it clear that the vessels of the hands were 
the seat of widespread disease The vessels presented general arteriosclerosis 
and in addition their lumina were obliterated in many places by fresh or 
organising thrombi Such thrombi were found m the vessels of all fingers 
examined, they were mostly in a state of relatively advanced organisation, and 
evidently more or less contemporaneous , here and there, however, additional 
tlirombi had formed more recently This thrombotic disease was found out- 
side the area of actual necrosis, in the proximal as well as m the distal parts of 
the fingers, and even within and proximal to the hand , it was found not only 
m the fingers presenting necrosis at their tips but m a finger presenting only 
occasional discoloration To correlate the occurrence of actual necrosis 
with particular degrees of artenal involvement m these hands would at least 
require information as to the condition of all the arteries m their whole 
length, and ability precisely to date the various lesions , it would further 
require knowledge of early pathological events within the actual area necrosed 
This full information is not available and it is improbable, even if obtained, 
that it would carry us further It is obvious that all the tissues not m a 
state of necrosis at the time of death were supplied by some blood , to 
estimate exactly the amount flowing to various parts of the fingers by 
histological means after death is beyond our power The appearance and 
reactions of the fingers during life is the best guide to the state of their circula- 
tion at that time , our histological findings clearly justify us m concluding 
that the defect m circulation witnessed was m all fingers due to the same cause, 
namely, obstruction due to thrombi occurring m a number of vessels already 
the seat of senile arteriosclerosis 

Case 20 Acute and permanent obstruction of many arteries m band and 

fingers m an old woman , leading to gangrene , preceded for a few years 

by spasmodic closure of the vessels Autopsy 

M B , a woman of 73 years had enjoyed good health apart from occasional 
indigestion Her diet had never been peculiar, she ate white bread usuallv 
and brown occasionally, but no rye bread For 5 years she had noticed 
that the fingers of both hands became white to then bases and numb at their 
tips m cold weather The attacks were at first infrequent but became more 
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frequent, though rarely occurring in tho summer months In January, 
1032, tho tip of the left 3rd finger became painful and shortly it turned 
" hlftcK " About tho same time her other fingers became blue and painful, 
especially hut not exclusively -when cold The skin of tho affected fingers 
tended to scale, and si only healing septic spots developed on the proximal 
mterphalnngeal joints The condition remained unchanged until she was 
admitted to hospital on April tho 1st, 1032, for a general erythema of the 
skill of the body, with swollen eyelids , the origin of this presumably toxic 
erythema remained ohscuro ; it was accompanied by mild fever (101 °F), 
both finer and rash subsided in a neck and the skm desquamated The 
blood pressure was 13 1 systolic and 100 diastolic 

On admission the tip of the 3rd finger of the left hand was seen to be 
g ingrenoiH, to a line half way up the nail , this necrosed tissue was separated 
from the rest of the finger by a ‘dmrp line, from which pus exuded There 
wire small areas of depressed necrosed tissue opposite the proximal 
mterplmlangi il joints of this finger and the 2nd finger The ends of fingers 
3, t and 3 wire eyanosed, was finger 2 m its length On the right hand 
similar small net rose d art as were seen on fingers 2 and 4 CVanosis was 
pre sent m the tip of finger I, our (he whole of fingers 2 and 5, and over the 
last two phalanges of fingers 3 and 4 The cvanosis of fingers 2 and 3 was 
full All the fmgtrs wire warm. Jinxing been under the bedclothes The 
radial and ulnar pulses were easily felt, digital pulses were felt opposite 
the proximal phalanx of fingers 2, 3 and 3 of tho left hand but not in the 
right hand Immersion of the right hand whilo in this state m water at 
30° for 13 mm failed to remove the cyanosis, winch remained full m fingers 
2 and 3 and deep m the remainder Placed m water at 40° for another 
1° mm tho cyanosis lessened but was still quite defhuto Such stability 
of cxanoMs is not found when closure of digital arteries is spasmodic A 
Miutinr distribution of cyanosis was seen in the hands on other days, ae 
CMinos.s extending also to the thenar and hypothennr eminence of the right 
] mn d The skm of the fingers was normally mobile and unswollen, tho 


fingers could be flexed fully 

The patient's trunk was enclosed m a warm chamber (63 ) for <0 nun , 
tho tips Ot tho cluofly affected fingers showed little or no rise of > 

tho fingers betamo pinker m colour but still remained eyanosed On another 
rZanoptiea, ‘caps, fie was used to tost tho extent of artrnnd P— 
m tho °nd left finger at various tomperaturcs up to 45 Tho pulsation 
"as tcry greatly reduced below normality at all temperatures These 
tests and tho continued cyanosis provided olcar evidence of s rue ura 

"X::,:*™ final vessels could bo traced by then pulsatmn 
to llm middle of the metatarsal bones, the tips of all tho toes wore const n y 


° y ” n Tbo condition of tho bands and foot remained substantially uncharged 
during Tho font’s slay ... hospital On May the 4th she was again fehnlo. 



“ RAYNAUD'S DISEASE ” 351 

the temperature nsmg to 104°F , an abscess developed on the left buttock , 
this was opened on the 5th May , but the temperature rose steeply a few days 
later and she died on the 13th 

Autopsy A heart of normal size was found, exhibiting calcified aortic 
and mitral valves , general arteriosclerosis was present 

The radial, ulnar, and palmar artenes, and the digital artenes of index 
and middle fingers of both hands were dissected out, and many portions 
excised and examined, m the manner described for the last case The 
appearances were so similar to those seen in the last patient that it is unneces- 
sary agam to describe them m detail All the vessels examined were 
diseased The radial artenes were patent but presented patches of intimal 
thickening, containing sparse elastic tissue, and the medial coats were 
sclerosed The ulnar artenes presented more advanced and recent disease, 
being largely obstructed by organised thrombi (recent and old) and by fresh 
blood clot The palmar arches were likewise diseased, their lumma being 
reduced and m places almost obliterated by old standing thickening of the 
intima The most advanced disease was found m the digital artenes 
themselves and especially in their distal parts All of the five digital artenes 
examined presented conspicuous old standing intimal thickening and some 
medial sclerosis , four out of the five were found to be blocked m some 
part of the pieces examined by organised thrombus, dense, invaded by 
elastic fibres, and here $nd there canalised, though rarely pigmented, 
the fifth was reduced to a very narrow slit by conspicuous intimal 
thickening Although the chief obstructing thrombi descnbed were not 
recent, other thrombi of more recent origin were found from place to 
place, namely, fresh blood clot in one place, hyaline clot m another, 
more nucleated or more canalised pigmented tissue being found m yet 
another 

The appearances were consistent with thrombotic obstruction that had 
happened some months previously and had progressed by the addition of later 
thromboses It was impossible to pick out and identify reductions of the 
lumma of the vessels, by tissue of such an age as to account for the attacks 
of transient cyanosis during the earlier years of her malady, unless these 
were to be accounted for by the general intimal thickening Though it is 
possible that structural disease was responsible for those attacks, the case 
can hardly be used m evidence for or against this ongm of the Raynaud’s 
phenomenon, owing to the extent of later changes in the tissues of the 
vessels But the case does illustrate, like that which precedes it, how 
a number of fingers can be brought to the verge of, or actually to the 
state of, necrosis by thrombosis at a number of distinct points in different 
vessels 

Massive gangrene in elderly people, whether it involves a single toe, 
the whole foot, or foot and leg, is recognised usually to result from senile 
disease in the mam arteries , it is often associated with diabetes Gangrene 
in the senile is almost always m the lower, and rarely in the upper, limbs 
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Cases of bilateral gangrene of cbgits like those hero described seem to be 
' er T rnr ° ’ . H « tc] »™°» described an example in a man of SO a ears, and 
Rad? wow ski m a diabetic of 67 years Very little has been discovered 
a bout the cause of such gangrene m the semle The examination of our own 
tuo patients shows that it can ans c ns a consequence of old standing ebsease 
in the arteries of the hand and lingers upon uhicli clotting takes place and 
leads to abrupt and damaging occlusions So much is certain, but the reason 
"liy toW** of , 1,olh hnmU simultaneously become gangrenous or to 
pirtieularise, mJ»a clots should form almost sunultaneoush m different 
arteries lemaiiis undetermined It may l>o that a nutritional change happens 
in the nails of the \ easels concerned resulting in thrombosis A ease of 
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bilateral gangrene of the feet m a uoiuan of 73 Mas desenbed by Reeklmg- 
liausen ( 10) , he found no obstruction m the mam arteries of leg or foot but 
desenbed numerous In aline thrombotic plugs m healthy small arteries and 
enpillnn loops of subcutaneous and deep cutis tissues , these he believed 
to lime been responsible for the necrosis and likened them to sinulai plugs 
uhi(h he had found m necrosis of the cock's comb after ergot poisoning 
It nm be appropiinte also to rcfoi here to Dufour s report (0) His patient, 
is entered m Table II because her gangrene came during convalescence from 
pneumonia , but she Mas 68 yens of age and foi tins reason might have been 
included in Table III Dufour examined the vessels of her index finger but, 
though he found intimal proliferation, believed that obstruction was in- 
sufficient to account for gangrene We think his examination failed to 
co\cr adequate lengths of artery 

Oceasionulh a similar clinical t\pe of gangrene of digits occurs m the 
cachexia of advanced cincerous cfiseise , although old standing aitcuul 
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disease may be concerned here too, the general state of these patients suggests 
defective nutrition of the vessels or tissues supplied as a factor Dr Grant 
has reminded us, pertinently, that these cases customarily show thrombi 
upon the heart valves These cases are referred to and are exemplified in 
Table HI mainl y to stimulate their further investigation and especially to 
urge an examination of the smaller artenes when opportunity occurs Two 
cases of similar digital gangrene in tertiary syphilitic subjects have been 
included in the table for the reason that, while here again nothing is known 
of the condition of the small artenes supplying the affected digits, they are 
also cases m which this investigation should be done 

C Raynaud’s phenomenon and gangrene in cases of 

ARTERIAL DISEASE 

8 THROMBOANGEITIS OBLITERANS ASSOCIATED WITH RAYNAUD’S 

PHENOMENON 

Case 21 Incomplete Raynaud phenomenon in a case of progressive 
thromboangettis obliterans 

C M first came under observation m October, 1930, at the age of 38 
In 1923 his nght foot was amputated owing to gangrene of his great toe and 
loss of pulsation in the arteries of Jus foot A year later his left leg was 
amputated above the knee for gangrene of the foot which had become 
pulseless He remained well until the winter of 1927-8 when he noticed 
occasional blueness of the left 5th finger on cold days This disappeared 
with the advent of warmer weather, to reappear m the autumn of 1928, 
and shortly the 4th and a little later the 3rd finger on the same hand were 
affected similarly A small dry scab formed on the 3rd finger and became 
detached in February, 1929 

The man was a gentile , he had eaten no bread but white , his unne 
occasionally contained a trace of sugar on ordinary diet His blood pressure 
was normal He was under observation for 4 years During this period 
the three affected fingers were seen to be cyanosed on a number of occasions 
m cold weather and after immersion m cold water, but they were never 
fully cyanosed and attempts to make them so by cooling them failed 
There was no history of actual blanching, or of numbness, to suggest 
that the circulation to these fingers was ever arrested for long periods of time 
The radial pulses were equal, and these and the right uln ar pulse normal, 
but the left ulnar pulse could not be felt Obliteration of the radial pulses 
cut off all or almost all the blood supply to the left but not to the right hand 
The affected fingers were slightly thinner and more tapered and they were 
persistently colder, and cooled more quickly after warming, than the 
corresponding fingers of the nght hand , heating the body gave delayed and 
imperfect vanning of the affected fingers Both hands were soaked m water 
at 43° for 15 mm to dilate the artenes , the three last fingers of the left 
hand remained dusky (tint 15 or 5) while the corresponding fingers of the 
right hand were pink (tint YH or YDI) , on the nght the tips of the fingers 
showed capillary pulsation, on the left pulsation was doubtful or absent , 
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pulsation of the digital vessels was palpable at the base of each finger of the 
right hand, but only m the 1st finger of the left hand Measurement of the 
digital pulsation bj optical capsule in the warm hands, showed a conspicuously 
smaller pulso m the 3rd left than m the 3rd right finger When after warming 
the hands the circulation to the two arms was arrested for 5 nun and released, 
react uc hyporiemia was long delayed in the 3rd, 4tli and 5th fingers of the 
left, hand Calorimetry at 30° show ed the bloodflow to the right hand to be 
half as much again as that to the left hand These observations and tests 
uerc nil consistent and showed diminished bloodflow through the inner 
fingers of the left hand and evidence of obstructs o disease in the arteries 
supplying them The level of tins obstructive disease must be placed as 
high ns the ulnar nrlen , though that would not bj itself suffice to explain 
the defcctne circulation, the tests, however, do not decide whether the 
additional defect was in the digital icssels themselves or m palmar arteries 
In 10fl2, the tests described being then completed, the patient began to com- 
plain of coldness of the fingers 3, 4 and 5 on the right hand, and a small patch 
of gangrene appeared on the 1th finger The right ulnor pulse had disappeared 
and the helm lour of the right and left fingers was now very similar, indicating 
defcctne circulation on both sides 

This case is used as an illustration of transient discoloration of the 
fingers m response to cold m a patient suffering from progressive tliromboan- 
geitis obliterans It shows again how chronic structural -vascular disease can 
gne rise to symptoms of an intermittent character In this instance, 
however, actual arrest of bloodflow did not occur, and it is unnecessary to 
suppose that the vessels wero unduly sensitive to cold 

*) GIRVICAL RIB OR CRUTCH TRFSSURE CAUSING RAYNAUD’S PHENOMENON 

OR GANGRFNE 

Cn<*c 22 Ita if Hand's 'phenomenon in one hand due io local arterial disease, 

the result of ccri ical rib 

W P was a laundry man of 24 years His work consisted m managing 
a washing machine llo came complaining that for six months, since the 
ad\ ent of cold weather, he had noticed tlio 2nd, 3rd and 4th fingers of lus 
left hand become white and numb, first while bathing and later one or more 
times each day at Jus work Ho was sure that this discoloration was of 
recent origin, his hand being quite normal previously, and lus right hand 
being unaffected Warming the fingers, wJion they wero discoloured, would 
quickly restore them He had experienced no pam m lus arm His feet 
wero normal 

Tlio hands wero strongly built, tho fingers could bo floxod fully, and their 
skin was normally mobile The radial and ulnar pulses wero oqual on tho 
two sides and normal with the hands down, but if the arms were raised to 
the level of tlio shouldei tlio pulse disappeared m tlio left arm from tho 
clav iclc downwai ds, but continued on tho right sido Thoro was no muscular 
wasting Movements of the hands w'ero oqually powerful, sonsation m them 
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was normal No abnormality was found, apart from roughening of skm 
and nails of both hands due to his heavy manual work, until they were placed 
in water at 15° , in 8 mm all the fingers of the left hand, and especially 
fingers 2, 3 and 4 were cyanosed The hands were immersed in water at 
36° for 15 min , during the last 5 of which the circulation to both arms was 
arrested On release, the flush of reactive hypersemia promptly invaded 
the whole of both hands, with the exception of the tips of the left 2nd and 
3rd fingers in which it was delayed for a few seconds The hands were 
immersed in water at 40° and 45° and the pulsation of the vessels m the two 
2nd fingers compared by means of an optical capsule The pulsation of the 
left finger was scarcely more than half that of the right at these temperatures , 
a later test at 40° showed definite reduction of pulsation in fingers 2, 3, 4 
and 6 of the left as compared with the right hand On examining the fingers, 
after their i mm ersion in hot water, capillary pulsation was very clear m 
all the right finger tips and m the palm of this hand , it was equally clear 
m the left palm but was found only m the tip of the 5th finger of this hand 
When warm the palmar arteries could be felt pulsating equally in the two 
hands When the patient’s body was enclosed in the warm chamber, the 
hands being cool and rema inin g exposed, the nse of temperature was much 
delayed m the 2nd, 3rd and 4th left fingers, and failed to reach the full value 
(30 6° instead of 32 6° as in the control fingers) Thus all these tests were 
consistent in pointing to a structural defect m the vessels of the fingers 
of the left hand, emphasising as chiefly affected fingers 2, 3 and 4, the fingers 
of which the patient originally complained 

Operation An X-ray photograph showed bilateral cervical ribs , the 
left one was exposed and dealt with by Mr Wilfred Trotter on January the 
24th The cervical nb was well developed, ending m a large boss which 
articulated with the first nb The subclavian artery passed over this boss , 
behind the boss lay the cords of the brachial plexus, the lowest cord being 
m relation with the cervical nb but under no tension The artery passed 
m the groove between scalenus anticus and nb , the postenor edge of this 
muscle indented the artery and pressed it backwards After leaving the 
groove, m which the artery was of normal size, it dilated to form a fusiform 
aneurism of about twice normal diameter, lying on the cervical and first nb 
The artenal pulsation tended to become less obvious as the swelling was 
reached , abduction of the arm to a right angle obliterated the pulse, the 
artery being seen to be obstructed between the clavicle and the boss of the 
cervical nb The antenor half of the nb, together with the boss of articula- 
tion, were excised , the postenor half of the nb was left, as 3Ir Trotter felt 
satisfied that the plexus was under no tension After this partial removal 
of the nb the arm could be lifted above the level of the shoulder without 
affecting the pulse The expanded subclavian artery was covered with and 
bound to the underlying nb by very dense fibrous tissue, apparently the 
result of chrome inflammation, arising out of the trauma of compression 
between nb and clavicle 
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Course Seen on May the 29th and October the 4th, 1934, 4 and 8 
months after operation, the patient stated that the attacks of blueness of 
the left fingers had almost ceased to occur, ho experienced them only on 
occasions as m hen sw lmnung m cold water In May, immersion of the hands 
at 1 3° for 20 nun rendered all tho left, but not the right fingers, cyanotic , 
m October cyanosis appeared m the left index finger only under the same 
test Immersion at 15° produced vivid capillary pulsation in all the right 
and slight pulsation m all the left finger tips, at both examinations 


Until recently, the '\nsculnr symptoms arising in cases of cervical rib 
haie been attributed to obstruction of the subclavian artery as it passes over 
t lie con leal rib In 1012. Todd (47), became dissatisfied m ith the views then 
current , Jie emphasised the cord-like thickening of the vessels m the length 
of the aim m a ct^e of cervical rib uith vascular symptoms, and in a later 
imestm.it ion found the nails of tho icssels greatly thickened and filled with 
organised bloodclot Tins cord-like (thrombotic) condition of the arteries 
in tho length of the lnnb has also been described b\ others (Gordon (14), 
Keen (20). Telford (11, Case 2) and Bcncdek (3)) Todd like Gordon, 
suggested that these changes in the vessels arise from interference with certain 
s\ mp it hot ie ncr\ e fibres The fibres, winch Todd suspected, join the lower 
cord of the brachial plexus by passing along the 1st dorsal nerve from the 
svinpat hot ic chain and these Mere supposed from their position to be liable 
to mechanical pressure from the uppermost rib Todd believed these 
sMiipithetic fibres to be pirah'fcd and that great thickening of the wall 
of the mam vessel might be a resultant tropic change Telford and Stopford 
(40), uhilc agreeing with the idea that these special sympathetic fibres arc 
pressed upon, modified and elaborated previous nows They suggested that 
t] ie none fibres arc irritated bv pressure, thus causing spasm of the arteries 
of the arm Tins spasm of arteries is thought to induce constriction or even 
obliteration of the vnso-\ asorum m their nails and thus to cause nutritional 
changes leading to thrombosis upon tho corresponding arterial walls It 
seems to us that this idea of pressure on a special group of sympathe ic 
fibres is too specula tn c to be acceptable Moreover it is open to a number 
of ol.jcct.om It Mould bo necessary to assume that sunpnthet.e fibres 
passing to nil tin ram. ill I erics of the arm, nnd to tho arteries of tho fingers, 
arc moo. poraled in the 1st dorsal nerve and pass through it to tho plexi ., 
"" assn, option nln eh scarcely seems permissible If pressme on ho 
” , 0 , 1.0 "r nerves loads as Todd thought to pa.aljsis, it should eauso 
vasodilatation the oor.espond.ng territory The reverse proves , 

nan, eh, continued , mint, on of a peripheral nerve ^iTvTn aceemmg 
r ,r nlu i stopford beliex c, is an idea mo find difficulty in aceepui 0 

™ geliT gimlls and on 'the par.io.dar ground that «?•*--» 

null, ced might he evpeoted to be inte.imttenMn tta oar^ s 

r; , ;.ZXr,„,^^=l^the re - none of 



“RAYNAUD'S DISEASE" 


357 


spasmodic closure of the artenes in response to a supposed stimulation 
of the brachial nerves 

Telford and Stopford sum up the position by saying “ We are at once 
faced with the problem of why in one case of cervical rib the symptoms may 
be purely sensory and motor, whilst in another the results are predominantly 
thrombotic ” They believe that arrangement of the sympathetic fibres 
in the plexus accounts for the difference, the fibres being supposed to pass 
alone; the lover cord as an exposed strand in the cases presenting vascular 
manifestations and nuxed with the rest of the fibres of this cord in others , 
this is the suggestion, but there is no evidence that the anatomical arrange- 
ment has this difference m the tv o clinical types ot case It seems improbable 
too, that pressure could be exerted upon the lower cord of the plexus for 
long periods of time, and adequately to irritate or paralyse the sympathetic 
fibres without affecting the sensory and motor nerve of the same cord , for 
sharp differentiation of this kind is necessary to the explanation considered 
The general tenor of the s ummin g up, is acceptable, though we would express 
the matter a little differently, in saying that it is to be ascertained why cases 
of cervical nb fall into two mam groups , why m one the symptoms are 
purely those of peripheral nerve injury, and why in the other they are 
purely those accountable for by ischaemia The correct reply is almost 
certainly that in one case there is local interference with the brachial plexus 
and in the other with the subclavian artery In separating plexus symptoms 
from those of arterial ongm, it is important to realise that many of the 
nervous symptoms exhibited by cases of cervical nb are primarily vascular 
and not derived from pressure on nerves Embolism of an artery is often 
followed by much pain , ischaemia renders a muscle painful m its work and 
enfeebles it Numbness is a frequent symptom of ischaemia of the skin, and 
tingling a common sequel to temporary loss of blood supply Tissues 
threatened by gangrene are often extremely tender and painful Thus, 
tenderness, pam, tin g lin g , sensory loss, and motor weakness may each and 
all be explained from time to time without invoking damage to the brachial 
plexus Loss of sensory and motor function recognisable as derived from 
continued pressure on the lower cord of the brachial plexus fall into the 
usual patterns of plexus injuries, the paralysing and wasting of specific 
muscles and anaesthesia m definite areas of skin , and these are disturbances 
which can rarely be expected to show recovery, after relief of compression 
by surgical interference, until the nerves involved have regenerated It is 
important also to recognise that simple disuse, vith or without paralysis, 
will induce continued coldness vith some cyanotic discoloration of the limb, 
and consequently that such symptoms cannot be accepted as signs either of 
vascular thrombosis or of vascular spasm Reading past case records it is 
evident that confusion has often arisen in the interpretation of svrnptoms 
because these facts have not been recognised and, recognising and allowing 
for them, it becomes clear that the cases fall much more cleanlv into nen ous 
and vascular types than has hitherto been realised 
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But we agree that the full display of vascular symptoms cannot anse 
directly out of compression or out of obstruction of the subclavian artery 
by local thrombosis The hj'pothesis of sympathetic stimulation, however, 
is too difficult m its application to bo acceptable As an alternative we 
suggest the hypothesis of local thrombosis and resultant embolism In our 
own patient and in others displaying vascular symptoms and described 
previously (Poland (34), Keen (20), Leriche (22) there has been evidence 
of local damage to the artery , tho vessel is dilated, aneurysmal, or buned 
m recent or old inflammatory tissue Bilhngton (5), m a case presentmg 
vascular symptoms, excised an aneurysmal subclavian artery , he found 
the lumen almost full of clot and tho arterial wall presenting signs of trauma 
In Baum’s case (1) the disturbances wero ultimate!}’ cured by clotting within 


a subcla\ ian artery desen IxhI as aneurysmal In our own case the injury 
is ascribed to ascertained compression of the artery by the clavicle , and 
similar intermittent compression is probable m other patients, for postural 
disappearance of the pulse is icry frequent in cases of cervical nb (Quervain 
(37), Murphy (31), Keen (20), .Sargent (42), and personal observations) We 
suggest that ns a result of traumatic injury, ns through compression by the 
clavicle, the nail of the subclavian artery* becomes tho scat of thrombi , 
t Jioutrh the vessel usually remains pervious, repeated movement detaches 
clots and the resultant embolism accounts for tho chief vascular phenomena 


ohsened Thus, a largo embolus plugging tho bifurcation of the brachial 
nrterv may gne rise to sudden severe pam and will reduce the limb to an 
algid, cvnnoscd state ns m Novell's case (32), a state from which recovery is 
slow and imperfect Many small emboli lodging m tho digital and palmar 
arteries would gradually block these vessels and produce in tho fingers the 
picture of diseased digital vessels and their spasmodic closure in response 
to cold, v Inch our own patient and those of Leriche (22), Benedek (3), and 
probably that of Gordon (14), displayed , and this action of cold is to be 
regarded as a purely’ local action w Inch, by increasing directly the tone m 
the ycsscls affected, obliterates their luiiuna, already decreased by disease 
Intermediate emboli lodging m radial and ulnar artery would bnng the 
threat of gangrene to given fingers And since tho radial artery is the larger 
and more yital of the two mam vessols supplying the hand, it will receive 
more emboli than tho ulnar and produce tho more conspicuous effects , 
the well recognised but obscuro predominance of gangrene in the index linger 
m these cases, may bo duo to this cause Embolism followed by further 
emboli and by thrombus formation above and below the first embolic clot, 
will lead to the obliteration of lumen that is known to occur m the ar cries 
m these cases , it wall oxplnin why a disturbance involves the distal vessels 
first and proximal vessels later, as is strongly suggested by reviewing ; togeth 
sueh eases as those of Baum (1), Elinch (10), Gordon (14), Keen (20), Lenche 
(J) Telford (45, Case 2), Benedek (3), and ourselves , such 
earlv disease of digital vessels, or early involvement of fingers with la 
mvoivcmont° of hand and arm, or loss of a total ratol pulse andlater of more 
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proximal pulses m the arm Recovery of the limb often follows removal 
of the cervical nb This recovery may begin within a few days or may be 
prolonged , pulsation of the arteries at the wrist may reappear ultimately 
or it may not It is recognised that such recovery is due to the opening 
up of collateral channels, sometimes observed clinically The opening of a 
collateral circulation after obstruction of the main artery should occur whether 
nb is removed or not , this actually happens (see Hodgson (18, case 3S)) , 
but collateral channels will tend to remain effective or to become increasingly 
effective only if embolism ceases to occur In our view vascular recovery 
is due to cessation of intermittent compression of the subclavian artery, 
which by damage causes the formation and detachment of clots, and in 
addition interferes with the nutntion of the vessels lower down by robhmg 
them temporarily of blood supply 

Case 23 Raynaud phenomenon tn one hand , due to local arterial disease, 
and probably resulting from compression of the axillary artery by a crutch 
W K , was a printer (relief stamper) When 7 years old, his nght leg 
was amputated at the hip in consequence of disease following injury At 
8 years his left knee became diseased and the jomt was excised Prom 8 years 
onwards he used crutches , for 50 years while working or at home he used 
the left crutch only , he used two only when walking m the street, his weight 
then falling mainly on the left crutch Prom 58 years he used two crutches 
always He had never experienced any paralysis in his arms, but numbness 
occasionally developed in the tips of the left fingers after long walking, 
this numbness would disappear rapidly, being replaced by transient " pms 
and needles ” on dropping the crutch He remained healthy until the winter 
of 1928-29, when, at the age of 62, he noticed that the 2nd and 3rd fingers 
of his left hand became blue and painful on exposure out of doors on cold days 
Little crusts formed around the nails of these fingers, but no open sore 
In the following summer the hand seemed almost normal During the 
winter of 1929-30 his trouble returned , the fingers became so painful that 
he was obliged to stop working, and the 1st and 4th fingers also became 
involved , crusts again formed on fingers 2 and 3 The right hand remained 
quite normal His face was unaffected His unne had never shown blood 
He came under our observation in mid-summer 1930 At this time his 
fingers, which had been 6lowly recovering from necrosis, were almost healed 
The 2nd, 3rd and 4th fingers were shortened, their ends were scarred, the 
pulp of each being much reduced and the nails distorted The nail and 
necrosed nail-bed of finger 4 were still separating The pulp of the 5th finger 
was very reduced and the finger tapered, but no necrosis had occurred in 
tins finger Movement at the mterphalangeal joints of all these fingers 
was limited When he came into the room (temp 17 5°) all the fingers were 
of good colour, hut fingers 2 to 5 quickly became fully cyanotic (tint XV) 
in their length The discoloration also affected the tip of the thumb on its 
palmar surface, and the back of the hand to a lesser extent The left was 
weaker than the right radial pulse , of the ulnar pulses only the nght was 
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payable The fingers of the right hand were all warm , those of the left 

andthTf Tn i ? ° ^ ^ ^ 4th 1,011,8 JUsfe abovo room temperature, 
and the 1st and 6th fingers being a little warmer The coldness and cyanosis 

of the affected fingers Mas repeatedly and constantly observed in cool or 

cold atmospheres W hen tho hands were immersed in water at 35° for 

10 minutes the fingers Mere almost alike m colour men immersed at 

O tho fingers of tho left hand rapully liccame fully evanosed indicating 

complcto stoppage, of Mood flow through thorn If tho hands were -mu-mod 

(at .1., ) and tho circulation through both arms arrested for 5 min and 

released, the right hand flushed red in all parts within a few seconds, but m 

the left hand it Mas delated, starting at tho wnst at 10 sec , reaching the 

bases of the fingers m 26 see , and being delated at tho ends of the fingers 

for ns much as 1 or 2 nun After soaking tho hands m Mater at 43° for 



B Ca*t 23 JuK tho 2lth, 1030 Tompomturo of tho 2nd and 4th fingers of tho right 
(unaffected) and loft (affected) hnnd Tho olwmntionq wore mndo m a cool room 
(R T — room temperature) Tho cluirt allow* tho effect or heating tho body m a warm 
clinmbor Vasodilatation occurs quichH and fully in tho right fingers, but tho bloodflow 
increases oloulj mid imporfectlj m tlio left fingers 


10 mm , tho cluofly affected fingers wore a little moro cyanotic than the 
control fingers , capillary pulsation was presont in all the finger tips of the 
right but m nono of those of tho left hand , pulsation of tho digital arteries 
m ns pulpablo on tho right but not on tbo left side and, measured by optical 
cnpsulo, Mas reduced on tho loft to but a small fraction of its extent on the 
right side At this tomporaturo tho loft radial pulse was large but the left 
ulnnr pulso remained imperceptible , if tins warmed band was held aloft, 
tho radial pulso obliterated, and tho hand lowered, the palm flushed only 
when tho radial pulso was roleased, and not, as m tho case of the right hand 
as soon as it was lon'orcd Immersion of tho hands in calorimeters at 30°, 
m a room at 21°, shou'ed boat to bo lost from tlio right nearly thrice as fast 
as from tlio left hand Hoatmg tho body m tho warm chamber quickly 
determined a rise of tomporaturo in tho right fingers, but the rise in the left 
fingers Mas far more gradual and less extensive (3?ig 5) Similarly, 
nnajstlietisntion of tho loft ulnar nerve led to an incomplete rise of temperature 
in tho 6th finger (to 27° at room temp of 19°). 


“RAYNAUD’S DISEASE” 


361 


The results of these tests were all consistent , they showed greatly 
diminished flow of blood to the fingers of the left hand and to fingers 2, 
3 and 4 particularly They indicated that the vessels concerned were the 
seat of obstructive disease Six months after these tests were made the 
radial pulse also disappeared from the left wrist According to the history, 
the first event m the hand was obstruction of branches of the radial artery, 
causing deficient circulation to fingers 2 and 3 This may have resulted from 
obliteration of the corresponding digital arteries or of the palmar arch from 
which they spring Later came obliteration of the ulnar artery and of 
artenes supplying the thumb , and then obliteration of the radial vessel , 
thus the affection of the vessels of the hand was at this time extensive 
(January, 1931) Erom the occasion when he was first seen pulsation m the 
left brachial artery seemed shghtly but just distinctly less than m the right 
vessel, and the Pachon oscillometer showed a shghtly reduced excursion when 
applied to both upper arm and forearm on the left side 

In June, 1934, m his 67th year, his hand was m much the same state, 
though he thought the attacks of discoloration a little less frequent , he had 
walked little for a year On examination the left hand was found unchanged, 

but there was further change m the artenes supplying the arm The 
pulsations of the left subclavian artery and upper parts of the axillary 
artery were equal to those on the nght side Distally artenal pulsation was 
visible and palpable on the nght side along the whole length of the upper 
arm , it was visible on the left side only to the end of the axillary artery, 
decreasing rather abruptly in the region of the 3rd part of this vessel On 
the left side the artery in its 3rd axillary and 1st brachial portions was felt 
as a hard cord pulsating feebly m contrast to the vigorous pulse in the 
corresponding parts of the nght artery , it also differed from the latter m 
being smaller m size and far less compressible The pulsation and the 
osciUometnc excursion of the remainder of the left brachial artery were 
greatly diminished and were absent below the junction of the middle and 
lower thirds of the upper arm The pulses v ere normal throughout the nght 
arm The mark of the crutch was manifest m the axillae of both sides 
The area of pressure was mapped out by increased vasculanty and deep 
pigmentation of the skm, over a sharply defined area about 10 or 11 cm wide 
passmg nght tlirough the axilla from back to front This area of chronically 
marked skm also presented on both sides a senes of numerous scattered 
papillomata , these were larger and more numerous on the left side On 
its inner side, the area of discoloured skm began about the level of the junction 
of 2nd and 3rd part of the axillary artery, where on the left side arterial 
pulsation abruptly diminished , m its breadth it covered with more or less 
close correspondence the stretch of the left arterj that was felt as a hard 
cord 

When standing ordmanly upon lus crutches, his pulse (nght or left) 
disappeared or became very weak below the crutch, as soon as the weight 
was thrown upon it After standing several minutes with his weight on the 
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Ml, Dio -weight was thrown onto the rjght crutcli, and reactive hyporamua 
Dion appeared m Die left hand 

Noa tlio heart of tins man was nnonlargcd and there was no more sign 
of arterial disease in the right brachial artery than is usual in a man of his 
a e ir< In the low or limb arterial pulsation was normal ovon m the foot The 
blood pressures were lfiO svhtolic and 00 diastolic , his unno was normal , 
bis retinal Mwh appeared normal. The case was manifestly one of gross 
disease picking out the arteries of the left arm It seems clear that tlus 
disease arose primarily out of long continued compression of the left axillary 
artery, giving rise ultimately to gross local thickening of the vessel and to 
Mcondary changes in its tributaries The caso is included m the present 
{■cries primarily to illustrate the occurrence of Raynaud's phenomenon in 
futg( rs, the arteries supplying which wire the seat of disease It is placed 
next in the s<rus to the case of cervical rib becauso it presents obvious 
r< -« in bln nets to the latter and liecnuso it is cliffictilt to arrive at any other 
conclusion than that the two examphs of arterial disease arose similarly, 
ami, as we think by intermittent compression and traumatic injury of the 
main nrt< ry of the limb I’or it is hardly to bo believed that pressure upon 
ni rvc s m tin sulielavian region and in Die lower axillary region could select for 
similar and long-continued irritation the same series of vasoconstrictor nerves, 
produc mg t hrough t his irri tat ion a nutritional change m the arteries of the arm 
Direct evidence of in rv c compression did not exist m either caso , evidence of 
local compression and of damago to the artery was found m both , and the 
peripheral phenomena m both cases nro adequately oxplamcd if we suppose 
the distal arterial changes to have resulted through emboli repeatedly formed 
and detached at tho original seat of damago, and from nutritional distur- 
h mces directly arising out of long continued intermittent occlusion of the 
mam vessel of tho limb 


General comment 

If nil instances of temporary arrest of tho circulation to the finger, or 
to other part of tho body that is particularly” prono to becomo cold, and all 
instances of sy'inmctrical gangreno of digits without demonstrable obstruction 
to the mam arteries of tho limb, nro still to bo classed as instances of 
“ Raynaud's chseaso,” then a number of qiuto distinct conditions wall continuo 
to bo grouped together Such grouping cannot fail to obstruct enquiry 
into tho causation of tho various maladies, and to prevent proper appreciation 
of thoir natural history Ono mam object of this papor vv ill have boon realised 
if it Jins been mado clear that many” distinct maladies nro being confused to- 
gether, and if it is recognised that thoir separation is qiuto essential to the pro- 
gress of future studies Wo Dunk that tho term “ Raynaud’s disease ” should 
bo abandoned , it has already been responsible for much loosoness of thought 
and writing It is dcsirablo that two phenomena should bo considered 
separately, namoly, what wo may call “ Raynaud s phenomenon, and 
gangrono or necrosis Tho term “Raynaud’s phenomenon” is used to 
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signify active and intermittent closure of small arteries of tlie order of those 
supplying the digits, a closure manifesting itself clinically m a pallid or 
fully cyanotic state of the affected skin But even this phenomenon is not 
to he regarded as the result of one set of circumstances It can be a purely 
spasmodic affair , but it can come also where there is obstructive disease in 
the digital arteries themselves or m vessels proximal to these, this structural 
disease being ultimately responsible for the whole circulatory abnormality 
In fingers or other parts, the artenal supply to which has already been the 
seat of thrombotic or embolic processes, anastomotic sources of supply 
may fail to become established fully, and subsequently normal increases of 
tone, such as are induced by cold, will cause transient arrest or conspicuous 
reduction of bloodflow Thus the original disturbance may he a sudden and 
non-recumng event, leaving behind it a proneness to attacks of cyanosis, 
which wrongly come to be regarded as signifying active disease In studies 
of the maladies discussed, the events in each case must he regarded upon their 
individual merits, and abnormal vasomotor influences should not he invoked 
in explanation because it has become the traditional and convement line of 
reasoning for the whole group, but only when there is clear supporting 
evidence of such causation 

A second mam object of this paper is to suggest that it is a mistake ever 
to regard gangrene as the result of an uncomplicated spasmodic affection 
When the circulation to the skin is shut off, there comes into immediate 
action a mechanism producmg vasodilatation and manifesting itself ulti- 
mately in “ reactive hyper asmia ” It is known that constriction of the 
vessels, produced through sympathetic channels, will counteract this dilator 
mechanism in the early stages of its establishment , but as ischaemia is 
continued the vasodilator factor will become increasingly intense, and sooner 
or later the nerves themselves will become functionless locally Thus it 
would seem inevitable on a priori grounds that a nervous vasoconstriction 
cannot be maintained sufficiently long to kill the skin There is increasing 
evidence m the group of cases as a whole that when gangrene occurs, a 
structural change such as thrombosis has happened and permanently plugs 
the vessel This is not the place to pursue this question further , the part 
played by intimal thickening and thrombi, not only in the large arteries, 
but also m those of the smaller size of the digital arteries, has been alluded 
to already m several places in the body of this paper The view that 
thrombosis is an important factor must rest ultimately upon microscopic 
demonstration, and microscopic e xamin ation of the tissues concerned has 
not yet been earned nearly far enough We refrain from discussing again 
(see 26) the very important question whether or not spasm can determine 
intimal or thrombotic chnnges within small artenes, and thus lead indirectly 
to permanent obstruction and necrosis These are questions for future 
study Meanwhile, and largely to provoke such studv, we definitely suggest 
that intimal changes including thrombosis are usually or always responsible 
for the obliteration of small artenes leading to necrosis , and wo have m 
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mind, not only tlio pointed attacks of discoloration and necrosis sucli as 
arc scon m tlio bilateral digital gangrene described cases of m Group 5, but also 
the minute necrotic foci which form on the fingers of cases that arc primarily 
spasmodic (Group 2) 


Summary 

In tlio present article the following conditions are separately considered 
and when necessary exemplified 

1 Intermittent spasm of digital arteries, without complication 
This condition is shown often to be familial 

2 Intermittent spasm of digital arteries with local nutritional 
changes 

lie asnns are gi\cn whj intermittent spasm, whether associated with 
nutritional change-, or not, should lx? attributed to a local fault of the vessols 
concerned 

3 Intermittent spism of digital arteries with generalised 
scleroderma 

l Raynaud’s phenomenon arising out of local injury, including 
the ic-o of m brat mg fools 

fi Bilateral gangrene of digits in the joiuig, and with infection , 
this condition is regarded as probably the result of thrombotic 
closure of ics^cls 

(i Bilateral gangreno with luemoglobinuria from cold, a condition 
haling prohibit a umquo pathogeny 

7 Bilateral gangreno of digits m the elderly, m which closure is 
shown to bo thrombotic but preceded by disease of the small 
arteries 

S Thrombonngeitis obliterans associated with Raynaud’s pheno- 
menon 

0 Cervical rib or crutch pressure causing Raynaud s phenomenon 
or gangrene, so it is thought, by thrombotic and embolio 
processes 

A mam purposo is to show that a number of distinct conditions has been 
descubcd under tlio toun “ Raynaud’s discaso,” separately to cxploro these, 
and to indicate directions m which now' enquiries may bo conducted It is 
considered that tho term “Raynaud's disease ” should bo abandoned 

Tlio present enquiries again point to tho oxistonco of a local fault as tho 
cause both of Raynaud’s phenomenon and of bilateral gangrone 
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It is suggested that gangrene is never the result of uncomplicated spasm 
of arteries Evidence tends increasingly to shovr that gangrene depends 
upon structural occlusion of the vessels 
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OBSERVATIONS ON THE RATE OF WATER-LOSS BY 3IAN AT 

REST 


Part I — Description of a constant temperature and humidita 

room 

Part II — “ Spontaneous ” diuresis during prolonged rest 


By P D’ARCY HART and E B VERNEY 

( From the Laboratories of the Medical Unit, Uniter sit if College Hospital 

Medical School, London ) 


Introduction 

When under ordinary laboratory conditions the diuresis following water- 
mgestion by man is delayed by post-pituitary extract injected subcutaneously 
at the same time as, or before, the giving of the water, the renal response 
is smaller than the undelayed response Experiments made under such 
conditions with the object of determining the immediate and ultimate fate 
of the observed deficit, soon showed the need for rigid control of environmental 
conditions as well as for accurate know ledge of the course of total water-loss 
After obtaining this control we proceeded to investigate the effect of increasing 
degrees of water deficit, produced by long periods of rest, on the response of 
the ladnej s to water-ingestion, and were confronted at the outset with an 
interfering phenomenon, namely a “ spontaneous ” diuresis which set in 
some time after the subject had lam down to rest 

In tlus paper we propose, first, to describe the room which has been 
constructed for the purpose of investigating such problems as those to which 
we have referred, and second, to record experiments undertaken with a view 
to gaimng information on the characteristics of the “ spontaneous ” diuresis 
mentioned above, and to arriving eventually at its cause 

Part I — Description of a constant temperature and humidity 

room 

That changes in temperature, hunnditj or rate of moiement of the 
surrounding air have a profound effect on the rate of water loss by the human 
skin, is clear from the observations of Remhard (24), Ensmann (8) and 
Scluorbeck (28), observations which have been extended b\ Rubner and 
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Lewnschcw* (27) to the inclusion of the pulmonary water-loss, and so to tlie 
demonstration of a direct proportionality lie! neon relative humidity and the 
rat e of loss of aqueous \ a pour 1>\ man ov er a certain range of air-temperature 
The figures given l»j Kuhner and Lewnschcw (27) show that a change of 
air-temperature from 20° to 27° is accompanied bj a rise m the rate of Joss 
of aqueous inpour, In a light h clothed person, of 10 and 20 g per hr at 
relative humidities of 80% and 0% rcspccti\clv At constant nir-tcmpera- 
ture of 27 1° the same authors found a ns C m humidity from 30 to S0% 
to he nocomp uuod In a fall m t lie* \apourt7atton-Ioss of o0 g per hr ^forc 
reuntlj W lntejiouse, Hancock and Ilnldnnc (3.7) have shown that immersion 
in lutlm of water or isotonic salt solution leads to a fall of about 30 g per hr 
m the rate of loss of water In t)ie skin That changes of such magnitude m the 
rate of vapmiri/ntion-loss are refit ded in inverse clianges in the rate of 
urine flow is siurgt sted In observations recorded in the two papers to which 
ue hue just referred Tins bung so, no might infer w ith reason from the 
figures gi\tn above, that changes in urine-flow ascnbable directly to such 
\armtions m vapouri7.ution-Ioss as accompanv tlie changes m a lr -temperature 
and humidity occurring during the course of a working dav, would be small 
The netd for repetitive observations however, together with the possibility 
tint small variations m the conditions of flic external environment would 
lead to changes m rate of urine flow In some means less direct than simple 
variation m rate of vapournation-loss, made a high degree of control of these 
conditions desirable if not imperative 

Wo required, then, for the investigation of our immediate and remoter 
problems, a room in winch the ventilation, air temperature and humidity 
were under independent control, and in which the weight of the human 
subject could bo followed with accuracy 

Tlie nmnv respiratorv chambers designed for measurement of the gaseous 
and aqueous exchanges of man (1, 2, l, 0, 11, 12, 16, 20, 26, 20) 
were considered unsuitable for our work for one or botli of the following 
reasons First, the smallness of their sire imposed restriction m application 
and, m some cases, difficulty m ensuring uniformity m the atmospheric 
conditions throughout tho chamber Second, the lack of adequate provision 
for varying and maintaining these conditions, m detracting from the assurance 
of control, added difficult - ! to quantitative interpretation Wo shall now* 
piocccd to give, first, tho standard conditions of ventilation, of air- 
femperaturo and of humidity which we have chosen, with reasons foi their 
choico , second, tho moans adopted to secure the maintenance of theso 
conditions , and third, the airangoments selected foi mensiuing changes m 
body-w eight 

(a) Slandaid conditions of ventilation 

Wo nssumo that under normal conditions of observation there will be a 
COo production m the room of not more than 1400 c c pel nun at 0 C and 
760 mm, Hg This figure is takon from data by Haldane (10, p 29), and 
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represents the C0 2 production of three men, one being at rest in bed and two 
walking at 2 miles per hour At 26°, the standard condition of air- 
temperature chosen by us, this figure becomes 1530 c c and will raise the 
content m C0 2 of 3 cubic metres of air by 0 05% The room should be 
ventilated, therefore, at an exchange of not less than 3 cubic metres per 
mm if the C0 2 content of the air within is to be held below 0 1% (see 
Table I) Further, provision must be made for large increases in this 
exchange should occasion require them 

(6) Standard conditions of air temperature and humidity 

The dry- and wet-bulb air temperatures which we have chosen as 
standard for our investigations are 26° and 17 7° respectively * 

The former was found, at the chosen degree of humidity, to permit the subject of experiment 
to he naked m the room without experiencing a sensation of cold on the one hand, or perspiration 
on the other (see Schierbeck ( 28 ) , Rubner and Lewaschew ( 27 ), v WiHebrand (36)) The latter 
temperature was adopted from the following considerations In order that during a years 
working hours the necessity of adding water vapour to the room-air might be approximately 
matched with that of removing it m the maintenance of constant dry and wet bulb temperatures, 
it seemed to us desirable that the wet bulb temperature should be so chosen as to correspond 
with the mean absolute humidity for the hours 9 nm to 6 pjn throughout the year To this 
end the British "Meteorological and magnetic Year Book (31) was consulted From the tables 
therein, giving the hourlj values of temperature normals for the years 1871 to 1B15 the mean 
temperature throughout the years, from 9 am to 6 p m., was derived This was found to be 
11 63° Similarly, the tables of hourly values of normals in relative humidity for the 30 years 
1886 to 1916 were consulted, and the average throughout the years from 9am to 6 p m was 
found to be 71 7% The corresponding dew point would be 6 4° The relative humidity figures 
had been derived from dry and wet bulb readings by means of Glaisher’s factors (13) From 
these factors we find that the wet bulb temperature corresponding with a dew point 6 4° and with 
a dry bulb temperature of 26° is 14 6° The aqueous vapour pressure of such air is 7 4 mm Hg (13) 
The practical difficulties, however of maintaining within the room a vapour pressure of this 
value are very much greater when the outside air is warm and moist than when cold and dry 
and it was because of these difficulties that we decided to maintain as one of our standard 
conditions an aqueous vapour pressure, as derived above, 40% greater than the mean value 
to which wo have referred This pressure, namely 10 4 mm Hg corresponds with a dew point 
of 11 8°, and the dry bulb temperature being 26°, the wet bulb temperature, from Glaishers 
factors, becomes 17 7° Such air will contain 10 4 g of water vapour per cubic metre (13) The 
aqueous vapour pressure of this air happens to be equal to the mean of the hourly values at 
Biclimond, as calculated with the aid of Glaislier s factors, from 9am to 6 p m during the month 
of Jul\ for the vears 1886 1915 when the mean of the hourly values of drv bulb temperature 
over the same periods of time was 19 5°, i e , considerably below that chosen as our standard 
\ aluo 

If we employ the August Apjohn formula (13), relating the difference between the drv 
and wet bulb temperatures to that between the saturated vapour pressure of wntcr at the 
temperature of the wet bulb and the actual pressure of water vapour in the air, giving the constant 
A tho value for moving air as in a ventilated psychrometer, we find that the aqueous vapour 
pressure at dry and wet bulb temperatures of 20° and 17 7° respectively becomes 10 9 mm Hg 
a figure m close agreement with that 10 4 mm Hg derived aboi e bt means of Glaislier’s factors 
But in order that we should know how nearly these den\ ed figures approached the corresponding 
real value of tho aqueous vapour pressure, and that wo might hare available an easy means for 
frequent tests of this correspondence, we lia\e made and calibrated a chemical In grometer as 
described by Bidcal and Hannah (25) Two or three mintues onli are required for making a 
determination of tho aqueous vapour pressure by this method, and Ridcal and Hannah gue 
figures which show a variation of 2% only from those found gruvimetncalli Readings obtained 
b\ means of this chemical In grometer show that tho aqueous vapour pressure of the room -air 
under our standard conditions is 9 6 mm Hg i e , 10% less than the mean of the two derived 
values given above Tho relativo humidity is 38% 

Our aim, then, lias been so to devise means of warming or cooling, drying 
or moistening the air with winch the room is ventilated is to maintain our 

* The wet bulb was \entilatcd m the small chamber designed for controlling the degree 
of humidity of the room tur (rcc p 376) 
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standard conditions of temprrntnro nntl humidity -within, independent of 
(hanging conditions of temjieraturc and humidity without the room The 
maintenance of those standard conditions must be automatically controlled 
through the course of an experiment Further, the setting of the automatic 
control must he alterable at Mill, -within wide limits, m order that the effects 
of a known change in temperature or humidity may be determined 



(r) The means adopted for ventilating the worn 

TJio air outside the building communicates with that inside tho room 
through two ducts, A, B, Fig I, each 30 cm square m section Tho lower 
and inlet-duct, A, opens into tho an -jacket, the upper and exhaust duct, B, 
into the mam body of the room The outei openings of tho ducts aro guarded 
by loin res and wire netting, tho innor by sliding shutters, C, D A fan, 
51 inch diameter streamline pattern by Messrs Keith and Blackman, Ltd , 
having a maximum output of 620 cubic mot res per nun , ancl driven by an 
electric motor wduch takes on full load 1 75 h p , is installed at E, its centre 
being coaxial with that of t.Jic wall F, Its speed is controlled by a variable 
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resistance, P, so as to give an output of 200 cubic metres per nun This is 
taken as our standard condition of air movement through the room, and 
corresponds with a mean air velocity down the experimental chamber G of 
45 cm per sec The sliding shutters, C, D, at the inner openmgs of the ducts, 
are so adjusted as to give, at the standard output of the fan, an exchange of 
3 cubic metres of air per mm , and to mamtam the air pressure on the inside 
of the door H slightly m excess of that on the outside This last circumstance 
determines the outward flow of any leakage of air between door and doorcase, 
and so limits the ingress of air to that passing through the inlet duct from 
the outside of the building Air velocities have been measured by means of a 
small vane anemometer made by Messrs Xegretti and Zambra The 
efficacy of the above degree of ventilation m preventmg cumulation of C0 2 
above a level consistent with health and comfort (Pettenkofer (20)) is 
demonstrated by the figures given in Table I for an experiment m which 
one man lay at rest on the balance-couch (see later), and two men moved 
slowly about the room and attended to the controls, etc 


TABLE L 


Period between beginning of experiment 
and taking of gas sample 

Min 

CO_ in the room air Vols % 

95 

0 08 

15S 

010 

248 

0 09 

310 

0-08 

387 

' 0-09 

504 

0-08 


The rate of ventilation can of course be readily increased above the 
standard given above Such increase, however, will necessitate a corres- 
pondingly increased load on the mechanisms by which the entering air is 
brought into conformity with the standard conditions of temperature and 
humidity witlun the room 

(d) The maintenance and contrail of the temperature of the air 
With the object of diminishing, so far as seems reasonablv practicable, 
the exchange of heat between the intenor and extenor of the room the 
vails and ceiling are lined with “ Celotex ”* panels These are held 1 5 cm 

* Celotex is a fibrous material made from sugar-cane and is used common. mU\ for its sound 
absorbing and heat insula t mg properties According to the mnken. the Celotex Co of Great 
Britain, .Ltd its thermal conductivit\ is about tlie same as that of pure cork It is obo 
highl\ impermeable to water The material supplied in panels 7, 1C in thick is thus ndmirabh 
suited to the purposes of the room we are describing 
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standard conditions of temperature and humidity mtlun, independent of 
ihntif'iiif' conditions of temperature and humiditj mthout the room The 
maintenance of Hum* standard conditions must be automatically controlled 
through the course of an experiment Further, the setting of the automatic 
( nntrol must he alterable at mil, mtlnn wide limits, in order that the effects 
of a hmnwi i Imnge in temperature or humiditj may be determined 



] ip 1 Finn of room For description, see text 


(r) The means adopted foi icnhlaling the room 

The air outside the budding communicates with that msido the room 
tJnough two ducts, A, B, Fig 1, each 30 cm squaro in section TJio louer 
and mlct-duct, A, opens into the air-jacket, the upper and exhaust duct, B, 
into the main bod\ of tlie room Tlic outer openings of the ducts arc guarded 
bv lorn res and une netting, tho mnor by sliding shutters, C, D ^ fan, 
fit inch diameter streamline pattern by Messrs Keith and Blackman, Ltd , 
haxing a maximum output of G20 cubic metres per nun , and driven by an 
electric motor uhich takes on full load 1 73 h p , is installed at E, its cen re 
being coaxial with that of tho nail F, Its speed is controlled by a variable 
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resistance, P, so as to give an output of 200 cubic metres per min This is 
taken as our standard condition of air movement through the room, and 
corresponds with a mean air velocity down the experimental chamber G of 
45 cm per sec The sliding shutters, C, D, at the inner openings of the ducts, 
are so adjusted as to give, at the standard output of the fan, an exchange of 
3 cubic metres of air per mm , and to maintain the air pressure on the inside 
of the door H slightly in excess of that on the outside This last circumstance 
determines the outward flow of any leakage of air between door and doorcase, 
and so hunts the ingress of air to that passmg through the inlet duct from 
the outside of the building Air velocities have been measured by means of a 
small vane anemometer made by Messrs Negretti and Zambra The 
efficacy of the above degree of ventilation m preventing cumulation of CO, 
above a level consistent with health and comfort (Pettenkofer (20)) is 
demonstrated by the figures given m Table I for an experiment in winch 
one man lay at rest on the balance-couch (see later), and two men moved 
slouly about the room and attended to the controls, etc 


TABLE I 


Period between beginning of experiment 
and taking of gas sample 

Min 

CO, in the room air Vols % 

95 

0 08 

158 

I 

010 

1 

248 

0 09 

310 

: 

O-OS 

367 

0-09 

604 

0 08 


The rate of ventilation can of course be readily increased above the 
standard given above Such increase, however, will necessitate a corres- 
pondingly increased load on the mechanisms by which the entering air is 
brought into conformity with the standard conditions of temperature and 
humidity witlun the room 

(d) The maintenance and control of the temperature of the air 

With the object of diminishing, so far as seems reasomblv practicable, 
the exchange of heat between the interior and evtenor of the room the 
walls and ceiling are lined with “ Celotex "* panels These are held 1 o cm 

* Celotex is a fibrous material made from sugar-cane and is u-ed commcrualK for its sound 
absorbing and beat insulating properties According to the makers the Cilotex Co of Great 
Britain, Ltd its thermal conductivitv is about the same as that of pure cork ' It is ako 
highly impermeable to water The material suppbed in panels 7 1C in thick i« thus admirabh 
suited to the purposes of the room we are describing 
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away from the vails nml coiling by moans of battens, the intervening layer 
of si ill an forming nn additional conlrjbution to effective insulation All 
windows m (ho room ha\e boon previously sealed, so that the only remaining 
channels of < ommmmation between the interior and exterior of the room are 
the two duds njrench mentioned, and the doorway H The concrete floor 
of On* room is < owrod with cork linoleum 0 .7 cm thick In order to ensure 
that the properties of the room-air arc hold uniform throughout the room, 
the air, as has nlrt >wh been stated, is maintained in movement by the fan E 
'Hie course of this memment is gourned bj the jackets J, made of Celotex 
panels \crtu dl\ dispnsul Ik tween floor and ceding, and suitably supported 
b\ upright *tripi of wood The jacket wall is produced, as shown at K, 
so ns pirtinlh to dmdo the room into the experimental chamber G and 
ante room 1/ The continuation of the jacket round to the fan-bousing 
c nsurt s that an is diawn In the fan from t lie air-jackets alone, and maintained 
m tin cir< ulation incite itid In tlie arrows Currents in the air leaving the 
fan are large h dispersed l»y a screen M niado of “expanded metal” (0 5 
t ti(h nush) stretching from floor to ceding and the subject of experiment 
is shielded from any residual draught In a sheet of calico Access to the 
fan and its motor h gm n In two small doors at X and 0 

\\ dh tin lowest i \ternal temperature which is likely to bo encountered, 

s.i\ 1°, it will Ik* uectssirj to raise the temperaturo of 50 hires of air by 

.IIP even second This wdl require 1,S90 watts Tlirec 000 watt heating 
point s arc t Jic re fore' home cl m the jnlet duct, as show n at Q, and arc separately 
e out roll able In sv itcl.es, H In order to bring tlie temperature of the room 
and its contents qnic kh to 20°, four auxiliary points, each taking 1,000 
u jvtts, are used They are placed ns shown, S, T, at the entrances to the air 
me kets, and so arrange d that one, tw o, three or all four can be brought mto 

ae turn In the wmte r months it is found that about an hmir ^ re ^ e d 
bring the temperature of tlie room up to the standard Tins standard 
tuning been reached, the temperature is maintained with or ■ ^ th °? T S 
of tluMiuxilmn points, by two 000 watt points, U, U, connected in 
through a 5 amp mcrcun -in-Jn clrogen relay V In col wea cr 1 
ncccssitr\ to use one or two of the auxiliary points ns a constant source o 
heat oxen when suflicicnt heat is being supplied at tlie inlet duct to ras 

ho Vompmluro of .ho mcom.ug a« to =0° tWcr ouch ^ 

. , ( , - j )V conduct ion is therefore considerably greater tnan 

thiU ut' uluch U sinnl 'l lnncou ^ V j^ c ; j C ^^ ^(( l t; 'j'! 1 1 n t ( , l t} 1 1 o C fftnuno fc tor^(rihoiit 
subjects (150 calones per sec or about 000 watts) anc 

"° 0 Thoriluv, V, „ ncliYOlcil * a 

111 tlie centre of t.bo expenmontal chain ic g caU ses ft 

tubing, 3 mm internal fo x each 0 

movement of the nidcurv moms 1 J lgthoactlon of tho ro Iay by means 
change m tempciaturc 1 lie gri , r 0 g the Jieatmg points 

of a 4 volt cell, and so is tho means of switching on or on i 
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U, U, according to the temperature of the passing air On an occasion when 
the external temperature was 11° the relay’s action was such that the make 
and break of the circuit were about equally spaced at intervals of 
approximately three minu tes 

In s umm er, and especially when a high external temperature is accom- 
panied by a high degree of humidity, it will be necessary, in order to reproduce 
our standard conditions, to use some means of absorhmg heat The possible 


degree of this requirement will he apparent from the 
calculation 

Heat removed in lowering temperature of 50 

following rough 

litres air from 30° to 26° every second 

Heat removed in condensing water vapour to 
convert, per second, 50 litres air saturated 
at 30° to our standard condition of 

60 cals 

per see 

humidity 

500 „ 

si 

Heat production of three men 

150 „ 

99 

Heat production of fan-motor 

150 „ 

99 


Total 860 cals per sec 

Under atmospheric conditions, then, as unfavourable as any that are 
ever likely to be met in London, it will be necessary to have recourse to 
some means whereby as much heat as 800 cals per sec are absorbed, in 
order that our standard conditions may he reproduced and maintained 
It was decided to attempt this degree of absorption by the passage of water 
from the cold supply mams, the temperature of which rarely rises above 
15°, through a "radiator ” across which the air to be cooled is led Erom 
preliminary experiments with a model kindly given us by the Gallay 
Radiator Co , Willesden, it was calculated that the requisite maximum of 
heat absorption, viz , 800 cals per sec would be secured by a “ radiator ” 
of honeycomb type with a sectional area of 7,500 sq cm and a depth of 
10 cm Such a "radiator ” was therefore obtained 

It measures 163 X 61 X 10 cm deep and is fixed in the lower part of the entrance to one 
of the air jackets as shown at X Water from the cold supply mam is conducted to and from 
it by means of 2 inch galvanized iron piping and thermometers are placed in the inflowing and 
outflowing streams The following observations show that this radiator is capable of ab-orb 
ang heat almost to the predicted extent under the standard conditions The room temperature 
was being maintained constant at 24° when 31 litres of water were passmg through the radiator 
eveij minute, and heat was being supplied to the extent of 4 000 watts Stopping the flow of 
water tlirough the “ radiator ” and simultaneously switclung off 3 000 watts caused a 'low rise 
in the room temperature The temperatures of the water entering and leaving the radiator 
14 4° and 16 8° respectively, showed that 725 cals were being absorbed e\erv second Wien 
the external conditions require it, therefore, and practical experience has confirmed the nccessit\ 
for its occasional use, the “ radiator ’’ is brought into action, the temperature of the room lying 
still controlled hr the automatic regulation of the heating points U U 

It has been found that the room temperature, by the means described 
above, is automatically controllable at 26° ±0 1, under such van at ions in 
external conditions as have been encountered throughout a year Moreover, 
the temperature taken at any one time shows in its distribution through the 
room no vanation greater than 0 1° 
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{ c ) The inmnlcnnnrc and control oj the humidity of the air 
Several means arc theoretically available for maintaining m a room 
adeqimtelv \entilat((l a constant ilcgrce of humidity First, the incoming 
air nm\ he brought into intimate contact u itli a saturated aqueous solution 
of some solute, the selection of the solute being governed by the vapour 
pressure of its solution, and the solution itself maintained at the temperature 
of the room by suitable intans Second, the air may be largely depleted of 
moisture h\ its pas-age through hrme tanks maintained at a low temperature 
In the fusion of ite or In* other means The final degree of humidity is 
tin it acquired by the controlled addition of -water vapour Third, the 
requisite amount of water vapour may ho added to, or subtracted from, the 
air In two st p irate svst< ms Kec.li of these is brought into or thrown out 
of a i "turn by a mechanism smtabh designed to respond to small changes in 


-vapour prt --uri 

'flu hr*4 nut heal is more suitable for small chambers than for habitable 
rooms, and tlms not n ulily allow \ amt ton m the setting of the vapour 
pr< -sure 'Die diflKUltus and cost involved m the application of the 
pmuiple of the s« t oud d< tract from its prncticnbihtv On a hot, humid 
«j, v f <ir i xamph . the maintenance of our standard conditions by such means 
unlit dent md an c\p<nditurc of 2,000 cals per s CC Attention was 
tlierefori gtv« n to the third method, its practical development being directed 
h\ the following consult rut ions The clenuiiirl for added moisture might 
tiVo to a tlu on tunl ma\tmum (the outside air being dry) of 0 5 g per sec 
Tlu c ontnlmtion to tins demaml bv the skm and lungs of three men amounts 
to not mon than O03 g per sec and can m consequence be chsregaT le 

Ti.e lai-ing, even second of 0 5 g water from say lo to 100 , and its 
conwrMim into vapour requires the supply of 310 cals per sec , i e , 
u utH projn the figures given in Uie British Meteorological and Magnetic 
V, ir Book (.11) it was deduced that the occasions on which w as required an 

fnsplmilTwiUi i short eh i w^s^nclosed^in^a 

ra - "SrSS — 

suitable foi maintaining ve c regulated bv the humidity control 

— « thc 
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air were saturated with moisture at 30 °, the change to our chosen degree of 
humidity would require, under the standard conditions of ventilation, an 
absorption of 1 g of water-vapour per second The magnitude of this 
requirement will be evident when we reflect that it corresponds with a 
condensation, in the course of an experiment extending over 8 hours, to 
more than a cubic foot of water In order to compass an absorption of this 
magnitude, consideration was at first given to the controlled passage of air 
across batteries of glass plates alternately raised from, and lowered into, 
concentrated sulphuric acid 

The weight, and technical difficulties in the use of an apparatus of such 
type and of sufficient size* for our purposes, made other methods desirable, and 
as a result trays of anhydrous CaCl 2 were adopted as our means of controlled 
absorption of water-vapour Twelve zinc trays, each 70 X 79 X 2 5 cm 
deep, with perforations 6 mm in diameter, were placed m a tier occupying 
the initial part of the air -jacket JY, Fig 1, and guarded by a sliding door G 
This could be raised or lowered by a J h p reversible motor F', the appropnate 
movement of which was governed by the humidity control chamber D' 
A large tinned receptacle collected the water of condensation falling from the 
zmc trays above The trays were able to hold in all 46 kg CaCl 2 the 
conversion of which to CaCl 2 4 H 2 0 only, would represent an absorption 
of 30 kg of water-vapour This amount is sufficient for an experiment 
of eight hours’ duration under such unfavourable external conditions of 
atmosphere that our room-standards are attained only through an absorption 
as great as 1 g of water-vapour per second Measurement showed that 
under our standard condition of air-movement and with the door G raised, 
over 42 cubic metres of air passed over the CaCl 2 each minute An absorp- 
tion of 15% of the moisture contained m this volume would therefore be 
adequate for our greatest need Experience has confirmed our estimate of the 
efficiency of the above system, in that over a working period of two years no 
occasion has been encountered on which the means described above were 
inadequate to reproduce the degree of humidity which had been chosen as 
our standard 

We pass now to a description of the means whereby the addition or 
subtraction of moisture by the methods given above is automaticallv regu- 
lated The regulation is effected by the humidity control chamber D', 
Fig 1, and of this an illustration is given m isometnc projection m Fig 2 
Air is drawn by the two-speed electric fan, E, Fig 2, from the experimental 
chamber G, Fig 1, and conducted by the galvamsed iron pipe C\ Tig 1, 
through the partition, K, Fig 1, to the control-box, B, Fig 2 In its passage 
through tlus box it passes across two wet- and dry-bulb air thermometers, 
only one of which, GF, is clearly visible in the figure The wet bulbs ire 


* In\ estigations with a model showed that our requirements would be assured b\ placing a 
tank of H^SO* 65 X 75 X 85 cm high in the initial rectangular part of the air jacket J\ Fig 1 
and raising and lowering mto the acid a batters of 50 glass plates suitablv suspended and spaced 
the c\cle of movement occupying 5 minutes 
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placed immodmtch before 1 ho nnnm«« n , , , , 

,/S lw „ to tho fnn lm T 1 ? t},rou & h « h *<* th * ™ streams on 
" , , , , ' 7) ’ t0 rc e«>» the ante-room, L, TV j The form of 

„ „ , r i , . 1 ( ; 1 £%"* °' c ,r C T aiy ’ 05 c c ' ™ d reeled Lh 

' * J ' , ! hl Ut , ° 1DC; Tho bulbs are filled with hydrogen under a 

l ’ r ° ~ « tm < t 'Pherci. tho content of the one being separated W that 
of the other In a seal EDO Tins seal is hSrXSX 

; (,n,lw 1 ;; n " ,f • rn,r -'* "> *>*<• * »bos H and E by means of platinum mres 

juwng through Hu points of fusion of the glass tubes The movement of 

"" *•"" « >' ™>. through changes u, .he El of 



tempf mt nn U t w ccn B and C, thus liceomcs the means of malang or breaking 
eh ( Irani < ontact at O In the case of one pair of bulbs, that m \duch C is 
to be the tut bulb and B the drv, the partition of gas between B and C is so 
arr mged tlmt the menisci V and G oto on the samolevcl when the temperature 
of f is maintained about *1 degrees below that of B In the case of the 
sec ond pair of bulbs the hornontnl disposition of tho menisci is realized when 
B, t hi w ct bulb, is about cooler than C The cool bulbs, C m the one case, 
B in t Jit* other, are maintained moist b> coverings of muslm (G, Fig 2) on to 
winch uat( r is led 1>> drip feeds from the constant pressure reservoirs H and 
Kig 2 W ater supplied m excess of that evaporated from the surface 
of the bull) is conducted bv uichs to the small glass funnels L, N, Fig 2, 
whence it floiih into the small receptacles shown at M Each pair of bulbs 
is mounted on a steel frame ns shoun m Fig 3, and suspended bv moans of the 


* TJh m» m< mis of tout rolling tlic degree of Inmnditi were shown us t))Dr B 
/uni l»« P «an at the Shirlci Institute, Didstmrv It is a pleasure to acknowledge the great help 


afforded us through their 1 indlj interest 
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rod EL from the roof of the control-box The frame, pivoted at pomt L, 
can be tilted to alter its horizontal level by appropriate adjustments of the 
screw' J, against the pomt of which the plate M is held by the spring X 
In this way the level of the meniscus G is alterable at will The make and 
break of the platinum-mercury contact on which the activation of the 
mechanism, for the absorption or discharge of water-vapour depends, can be 
mduced, therefore, at varying differences m temperature between B and C, 
and so at varying degrees of atmospheric humidity In the case of each 
pair of bulbs the mercury m E and D is m electrical contact with that in H 
throu gh the intermediation of an electro-magnet and 4 volt cell, the electro- 
magnet operating an appropriate relay 



Fig 3 Diagram of rvet and dry bulb mr thermometer arranged to respond to changes in 
lmmidifj For description, see test 

The two pairs of bulbs, then, are suspended as shown in Fig 2 Let 
us suppose that the inclination of the pair GF is such that at our standard 
wet- and dry-bulb temperatures (17 7° and 26° respectively) contact at G, 
Fig 3, is just broken An> rise in humidity causes contact to be made and 
so the closure of an electric circuit which itself, through the intermediation 
of a three-way mercury -m-l^'drogen switch, makes contact between R and S, 
Rig 4 Tins closure, as wc shall see in a moment, sets into operation the 
elcctne motor F' (Fig 1) whereby the sliding door G' is raised, and the 
circulating air allowed to pass across the trays of calcium chlondc The 
fall in humidity thus effected will, when sufficient in degree, lead to re- 
breaking of the contact G, Fig 3, and so to the breaking of RS and the making 
of RQ, Fig 4 This last contact, in its turn, leads to a lowering of the 
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■mth the result that the door is lowered until its movement is arrested by the opening of the lower 
switch L In this position it remains until a rising humiditv bnng 3 about the sequence of changes 
which have already been described as effecting its ele\ation 



Fig 4 Diagram of relays, re\ ereiblo motor and switches used for the automatic closing and 
opening of the calcium chlonde compartment For description, see text 



Fig 6 Ele\ation of tubular frame of couch used in determining the rate of Io«s of water bi 
man at rest 

(/) The measurement of changes in body-icetghl 

We have used for this purpose a suspended beam sealef A' B', Fig 1, 
carrying on one side a pan A' and on the other heavy chains by w Inch the 
couch on which the subject lies is supported The beam is 3 ft C in long 
and is provided at the centre and ends with continuous knife-edges and 
bearings of hardened steel The capacity is 100 kg and with tins load the 
sensitivity is such that the scale responds to changes of less than I g The 
couch consists of a tubular frame 54 cm wide shown in elevation m Fig 5 

f Tins was supplied to us b\ Mc&sn> De Gra\e, Short and Co » Ltd London, S E 
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nml on its loner menthol* arc clamped the eyes B, C, to which the supporting 
thams nre hooked Between the upper menthers arc strapped canvas 
hand- .1 to 1 inches wide at Midi intervals that the comfort of the recumbent 
suhjec t is assured The subject lies on the couch m the ante-room L, Fig 1, 
and is then carnal through to the experimental chamber G after the sliding 
door Y> has hi on drawn hack Between the weighings, the feet ( AT) , Fig 5) 
of the touch rest on stools of a eonxeiucnt height 

The ( qiupmcnt of the room is completed bj a standard siphon barometer, 
a wot and a dn-hnlh thirmomcter near the outside of the inlet duct A, 
]*ig 1 , and a t hart w hi rohj t lie readings of these thermometers are converted 
into t< mis of twjutotis wipour pressure, and so the necessity for abstraction 
or addition of moisture imtmdiatolx made known Wlicn desired the 
r< .piraton « xthanges tan readilv be determined by either the open (7, 33, 
»s) or the < Iom d (.1) mithod of measurement 


I*\ir II - M’o\r\Moi s ” mi rrsis m unco raoLOXGED best 

(«) Ob'M til tons ami experiment's 

Tht routim mlopttd in our imestigations has been ns follows The 
mbjut of < \p< run* nt armts m the special room just described about 
»( *to n m his last HU d haling been taken at 7 30 the previous evening 
T| H tur w t Ji«* < handier Jias ajr« ith been brought to the standard conditions 
an n* istant Tin siihjt 1 1 undresses, puts on a pair of thin cotton knickers, 
and lies on tlu halanre tomh, when he remains m a comfortable reclining 
„o ttum for t Ik dur vtum of the experiment Attached to Ins garment by a 
„ime string is a wide glass tube t ipermg nt one end, and so leading through 
a !i ngtli of rublnr tubing to a measuung cxlmder below the couch By 
tin* mi ms muturdion can omir, and the collection and measurement of the 
urme (an 1 h made with the minimum of disturbance to the subject of 
, \i>. mm nt The bl.uldtr is emptied at mtcrxals of la, 20 or 30 nunutes, 
Jl (ft. r a f« w ( tthie centimetres from the result of each emptying have beon 
tt rw ,i f,>r nnaHsis, the remainder is transferred to a flask suspended from 
, r « i,„ i. Series of such flasks and their corresponding 

.. rwU » « «- 

» "• «** 7 p^oso tholZ stopped 

irs;: z «... >- r 

, „,.s „t I !,<• r.|„dil.rmm figure, the time >s no cd ulien »» • b ^ 

"rt .t™"' 2 of the cone., »nd »« 

nppu, tenances is obtained , , , „n heen , n ndo on the samo 

Tin- <d, serrations non to l,o rccordwl ha’ ■ >»» shall be 

Milijoot (E 11 v ) although ’J’ 7 cVdiurc 8 i 5 has boon observed in tiro 
muling attention, namclv, a 11 ’ } ^ , ld , In Figs t-IO and m 

other not nuil subjects (i D Ail anu ; 
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Table U are shown the changes in urinary secretion observed in a senes of 
five expenments The first expenment (Fig 6) was begun at 9 45 a m , the 
subject having had nothing by mouth since dinner the previous evening 
with the exception of 250 c c of milk at 10 p m As will be seen from the 



Fig 6 Experiment 1 January the 6th, 1032 A = room temperature, drv bulb and B = 
room temperature, wet bulb, with their extreme ranges during the expenment C = mean 
hourly rate of insensible loss of weight mg D = unne loss in c c E = rate of unne flow in 
c c per 16 nun , the tune of each plotted point being the midtime of the penod during which 
the sample of unne was collected F = urinary chlonde (as XaCl) in mg per 100 c c unne 
G = unnary chlonde (as NaCl) m mg per 15 mm Ordinate, above = c c , below = oc 
per 15 nun Abscissa => diurnal time (hours) and penod, in hours, from the beginning of 
the expenment The figures on curve D represent the rates of unne flow mcc per 15 min 
at the slopes indicated 


figure, the rate of unne flow remained fairly steady for so long as 4 J hours, 
at the end of which time a well-marked diuresis set in, and subsided onh 
between the tenth and eleventh hour of the expenment The mew rate of 
unne flow dunng the diuresis (see Curve D) was nearly double the initial 
rate of flow In the next expenment (Fig 7) the rate of urine flow m the 
early stages of its observation fell, the fall possibly representing the closing 
ebb of diuresis from 80 c c of nnlk taken at S that morning How ever, 
again m the fifth hour of the expenment a prompt nse in the rate of unne 
secretion occurred, to be maintained bevond the tenth hour The onset of 
diuresis, commonly occumng m the fifth hour (Figs 6, 7 and 9) Ins been 
observed both earlier (Fig 10) and later (Fig S) than tlus, though so far as 
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I in 7 rxjxrimint 2 .Tnmtnn the 22nd, 1012 A, B C, D, E, onlinntc, nbscissa, and the 
lignnn on < ur\i I), lm\i tin name Bignificnneo ns in 1 ig C q \ F = unnnrj nitrogen m 
inn |*or 100 i p (, i iirnmn nitrogtn in mg per 15 mm H = urinnn' chlondo (aa 
NnCi) in mg jm r 100 t r T r- unnnn clilorulo (ns XnCl) m mg por 15 nun 






W ATER-LOSS IN MAN 


383 


our observations have Bhown, always occumng 111111111 the period of day 
to which the experiments are as yet confined, namely, 11 hours 

Although, as the figures show, there is considerable variation in the 
period between the beginnings of the experiments and the onsets of the 
diureses, m the diurnal times of these onsets, and in the magnitude and 
courses of the diureses, the various examples of this diuresis exhibit certain 
features in common First, the onset is abrupt and, m those experiments 
in which observation has outlasted diuresis, the close almost equally so 



Fig 0 Experiment 4 February the 19tb, 1032 A, B C, D, E ordmntc, nb'Cissn nnd the 
figures on cun o D have the same significance as in Fig 6q\ AtFOlcc po»t pituitnn 
extract (Messrs Burroughs and ellcome 1 infundin ” containing 10 oxytocic units perc c ) 
was injected subcutaneously G = unnarv chloride (as XnCl) m mg per 100 c c H = 
unnorj chlondo (as NaCl) in mg per 15 mm J = unnarv mtrogtn in mg per iCK* o c 
K. = unnarj nitrogen m mg per 16 min 


Second, the percentage of chloride and of nitrogen falls, the urine piling 
during the period of increased rate of flov Third the diuresis i c inhibited 
by the subcutaneous injection of post-pituitara extract (1 ig» nn d 1 °) 
the rate of flow falling, with the dosage of extract here used to a ' a in- 
distinctly less than the rate encountered before diure e i s «et in 1 ounli 
upon the primary wave of increase secondara waves are common I a found 
imposed, and the reahtv of their «=ecrctorv origin is «=hoam ha the change- 
m chemical composition which accompan} them [see ligs G and **) lifth, 
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Hie primnry and secondary waves .appear, go far as experience allows us to 
judge, independent 1> of any change m sensation or general bodily feeling 
There are, morcoicr, several other points which hare emerged from the 
stmlj of this diuresis. and to the recognition of winch the figures m Tables 
II and III lend aid Measurement of the rate of insensible loss has shown 
that tins loss reaches a fnirly steady state, under the conditions of our 
experiments, in the fourth hour of rest (Tablo III) The onset of diuresis, 
how oxer, though cominonlj occurring m the hour following this attainment, 
mn\ , as shown in the Table, find expression some hours before or after 
The attainment of steadiness in the rate of insensible loss, a probable index 
of the rate of heat loss (5), is, therefore, neither the cause nor occasion for 
the diuresis with which we arc dealing A factor, however, to which the 
time of onset of diuresis ma) possiblj be related, is the rate of chloride 



r.K 


10 Experiment 5 Juno the 2Sth, 1032 A, R, C, D, E, ^^'"^^nifrogen in mg'per 
on < ur\c 1) Iinie the name significance ns m Fig 0q nost-pituitarj extract 

100 .t O - uruinn nitrogen m nig }** ™ ™ lOoxytocio units per c c ) 

llurrungJiH Wellcome nml Co “ inlundm, conlmmng 10 oxyx™ r 

miis iiijickd hills ulnneoiwlj 


excretion timing tho curly part of the experiment, * OT ’ as 8 el j | jy a 

Table II nnd Kg 8, tlio long delay hero encoimtcrrf rna acMmp 7^ 

ehlor.de excretion o! 180 mg per 18 mu, , tan** onl 5 oeo'rr g ^ ^ 
had fallen to the commonly encountered °* P 15 mm for 

rate of nitrogen elimination having been rtcad> at 1M IJ^ ^ dnta 
the preceding three hours Another pom pr0 .draretic rote of 

collected >n Table II, ts tho dolcrmmat.on ^noh the P« » « „ lnes 

in me flow tends to giro tho diuretic rate .the ratio 

lying beta eon 1 0 and 1 0 m four out of the five expenme 
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In these two points only have we been able to detect amongst the 
data so far obtained, evidence suggesting a positive association between the 
diuresis itself and its contiguous phenomena Indeed the variation encoun- 
tered in the degree of diuresis demonstrates a failure in adequate control of 
conditions before 01 during the period of observation , and the elucidation 
of the cause of tho diuresis rests, therefore, on one’s ability to secure, first, 
its recurrence m constant proportions, and second, its variation by the 
imposition of known changes m environment To tins end, and with the 
suggestion which the long dcla-\ in tho onset of diuresis gives, namely, that 
pan literal rather than enteral factors are responsible for the diuresis, it 
becomes desirable to see, first, whether the delayed diuresis occurs at the 
u^unl diurnal time when the period of observation begins m the evening 
instead of the morning , second, whether tho diuresis occurs during tho 
waking state whin this becomes nocturnal and the sleeping state diurnal, 
third whither m obst nations prolonged over 30 hours, tho diuresis recurs 
durum tin Miond da\ , and fourth, whether the time and course of the 


output of water timing the second ila\ can ho influenced by the time and 
i mini of a watir diuri>i*» oinked during tho first Observations bearing 
nnl\ on tin tint of the>e four questions are described m the present paper 

'l iu> o!>m nations woic nmlp on the same subject as had been tho earlier 
om s, and w«ri undirtaken with the object of seeing whether the diuresis 
on urrul at the usual diurnal time when the period of experiment included 
tin pri tiding night Two experiments June been made* In the first 
th(' suhjut took a light suppet at in 30 hours and reached the room at 
22 ,{<» hour*s the tempeiaturo and humidity of the room air having been 
stabilized alreaih at tho usual mines Having changed into pyjamas, 
lie ln\ on blankets on a camp lied adjacent to the balance couch, and slep 
ri itfullt till 8 15 the following morning Slips were then substituted for 
the m jamas, the lulanco couch was slowly mounted, and observations 
on urine flow and insensible loss were begun Tho mean rato of unno 
flow from 0 10 to U 10 was 10C cc per 15 mm , tho concentration of 
blonde (as NaCl) being greater than 1,000 mgm per 100 c c urine Dnwesis 
, ,™ «.t ... ft, hU, during tho Mteccodmg 00 nnnutes » Tj 

1<) V c per IS nun , the chlomlo concentration mennw bile falling to '00 m 
’“,00 ! c Dm mg the next 00 minutes the diuresis subsided to a rato of 
nGc(1 pcr if, mm and tins chango was accompanied by a rise m the urmarj 

(•identic i: ore, i.000 mg Her 100% c in tin, c = nt ~ 
.. .« i, i he usual clmracterb occurred at the usual diiunnl tin * ^ , . 

toiuhtioncd" 

• ... 

v ho-,0 hupp} CO operation tlusc proioiifeiu 
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made Indeed the insensible loss during the first hour of its measurement, 
from 9 30 to 10 30, was 32 g , after •which it fell to a mean value of 22 2 g 
per hour over the succeeding sir hours A second experiment was, therefore, 
undertaken with the object of excluding an} contribution which the factors 
of skin covering and active movement might have made towards the late 
diuresis The results are shown graphically in Fig 11 The subject of 



Fig 11 Experiment 6 July the lOtli lltli, 1934 A, B D, E F, oW-a and the figure- 
on cur\o D lm\o the same significance as in Fig 6 q v C *= insensible lo«*» in £ ** — 

period of seven hours Ordinate, abo\e = g (insensible ]o*s) and c c (unne) below - 
c c per 16 min Throughout this experiment the subject was wearing a light p\ jama suit 

experiment took a light supper at 19 30 hours on July the 10th, 1934, and 
arrived m the chamber at 22 hours He undressed, put on a light ptjuni 
suit, lay on a blanket supported by the balance couch and later enjoicd a 
light refreshing sleep From 22 40 to 00 22 weighings w ere made at mt erval? 
of approximately 30 minutes At 22 55, 175 c c warm tap water were drunk 
at 00 17 the bladder was emptied, and the subject then settled to sleep 
He awoke about 9 25 After the bladder had been emptied weighing were 
started again and the unne was collected at the end of each 1 > »| ,n » tc 
period Observations were continued till 13 00 hours on Juh the lltli the 
subject then having lain on the balance couch under constant cm iron ment il 
conditions, and in a state of undisturbed repose, for a period of I < hour- 

If we follow the course of urine secretion given m the figure «c ‘•to that a 
matutinal tide of water excretion flow? from the mean nocturnal \ due, 
7 3 c c per 13 mm , to reach a lead of 1G 0 c c per I » nun which i* mimtaincd 
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till 13 15 The diuresis with which we arc familiar now sets m, the rate of 
urine excretion reaching a mean value of 22 0 c c per 15 mm over the next 
fh e quarter-hourly periods The rate then falls towards its earlier level 

Anot her fact of interest emerges from the data collected m the figure 
The rate of insensible loss from 0 20 to 0 20, approximately the period of 
sleep, was 26 t g per hour The simple transition to the waking state was 
followed o\ or the next two hours l>v a mean hourly loss of 43 g, a large 
increase oicr the nocturnal rate This high rato of insensible loss was not 
maintained, however, the hourh rate from 11 .50 to 1150 being steady at 
35 g A fall in the rate of insensible perspiration during nocturnal sleep 
has l icon described In Benedict and Wardlaw (6), but the observations 
gnen above to the effect Hint the change to the waking state is followed 
In a temporary use in the rate of insensible loss to a value m excess of the 
succeeding diurnal rate is, so far as wo arc aware, now 

Tins c\]M'rnnent demonstrates, then, that the diuresis winch our earlier 
(xperuwnts disclosed occurs independently of such changes m external 
cm iron nil nt and uirmtums m voluntary muscular activity as had immediately 
preceded the morning period of observation 

(ft) Discussion of the previous obsrnattons , and experiments, thereby suggested, 
upon the influence of thr pituitary gland on dturesus 

Various changes of recognised association with increased urine flow 
occur to one as the possible cause or occasion for the phenomenon under 
discussion The change from the sleeping to tho waking state (15, 21, 
22, 30) as also flint from the standing to the Ivmg posture (15, 22, 34), 
leads to a rise m the rato of urine flow Since, however, such rise occurs 
during the first hour following the change m conditions, tho phenomenon 
we are here presenting cannot be due dircctlv to these changes Moreover, 
as the experiment pi on m Fig 11 demonstrates, the diuresis occurs when 
there has been no change in posture for so long a period ns 14 hours before 
its onset Neither can it find its cause m a falling loss of water through 
lapoim/ation such as would be produced by a fall m skm temperature 
(17, IS) attributable to the naked state The tcnabdity of such an 
explanation is excluded by the degreo and course of vapourization-loss 
nlrindi gnen Moreover, no feeling of cold has been experienced m the 
chamber b\ the subject of experiment— indeed on one occasion the room 
temperature was maintained nt 2S°C and the late diuresis still occurred 
Explanation, therefore, m terms of a rise m metabolism following a fall m 
body tempi niture becomes equally improbable 

The possibility, howoior, must, be considered of the diuresis being due 
to a diurnal and qualitatue change in metabolism Now the resting oxigen 
consumption of E B V is about 230 c c per mm The rate of excretion 
of nitrogen by the kidney is about 10 mg per mm , At constant non* 
protein oxi gen consumption "of 17Gec per nun and on tho basis of assump- 
tion that during the combustion of l g of fat, of carbohydrate and of protein, 
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1 1, 3 6 and 3 4 g respective!}' of water are freed (39) a complete change of 
non-protein metabolism from fat to carbohydrate would he associated with 
an increase of 11 3 c c per 15 mm m the amount of water freed At constant 
" non-protein calone output ” a complete change of this character would be 
associated with an increase of 9 6 c c per 15 min It is inconceivable, 
therefore, even in the absence of respiratory quotient measurements, that the 
increased output of water can be accoimted for solely b} qualitative changes 
m metabolism Moreover, if we assume a fasting E Q of 0 82, and the 
tenabihty of the figures given above for the amounts of water freed during 
the combustion of fat, protein and carbohydrate, we can calculate that 
8 6 g of water are freed for ebmmation every 15 mm This rate is below 
the minimum rate of urme flow in any of the experiments here recorded, so 
that, leaving out of account even the pulmonary water loss, amounting m 
E B Y to between 5 and 6 g per 15 mm , the subject is running into 
“ w ater debt ” This being so, there seems no clear reason why an increased 
elimination should occur 

We have been unable to find, therefore, on the basis of any associated 
manifestation, a rational interpretation of the diuresis When, however, 
we consider the features which its various examples exhibit m common 
and to which we have already referred, an interpretation, m so far as concerns 
the proximate cause, is readily found through the hypothesis which assigns 
to the pituitary gland an essential participation m the cham of processes 
through which the output of water by the kidney is physiologically determined 
This function of the kidney is brought by the hypothesis to direct dependence 
on the concentration, in the blood, of the substance to which the anti-diuretic 
activity of post-pituitary extract is due The hypothesis has lately received 
extension (14) m order to cover recently acquired facts with respect to water 
diuresis, and to embrace phenomena of possible relation thereto 

With this hypothesis in mind it became of mterest to form an estimate 
of the amount by which the concentration of post-pitmtary anti-diuretic 
substance m the blood must be lowered in order to produce an increase in 
water secretion of the order of that encountered m our experiments Tor 
this purpose varying amounts of post-pituitary extract* were injected 
intravenously into the subject on whom the observations already recorded 
had been made The extract used (“ infundm ”) was obtained from Me«<rs 
Burroughs, Wellcome and Co , samples from one batch onh being employed 
and between the experiments the extract was preserved at 0° IN content 
in total solids, as determined b} drying the extrict at 110° w*a« found 
to be 400 mg per 100 g water, and it had been standardised In the makers 
to contain 10 oxytocic units per cc When injections were to l>c giatn 
the original extract was diluted with stenlc Ringer « fluid immediately* 

* For simplicity of presentation wo liaye pi' cn the do-e m terms of \i luine of ur liln r 1 
extract W e were interested to know the largc-t po— lblc full in the p'a-nra m tl " me ^ n 1 
of po-t pituitary anti-diuretic substance to winch the ob-eryed dmre-i- cotil I t» ntt*it 1 r i 
Figures in excess of tins value are assured in our calculation- by oxpr» --mp the- c\ e. ai c 
in terms of the total solids in our extract 
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beforehand, the dilution being of such degreo that the selected dose -was 
contained m a volume of 0 /> c c In two earlier experiments m which the 
reqmsito dilutions u'crc made and nutoclaicd beforehand, the results wero 
invalid because of the readiness with winch the anti-diuretic fraction 
becomes innctnated In such treatment, a fact which was pointed out to us 
by Dr G W Theobald The dose of extiact was injected into an ante- 
cubital \ein, and on each occasion the period of injection was 70 seconds 
The preparation of the fluid to bo injected was invariably earned out m 
the nnteehamlier L, Fig 1, so that the subject of the experiment was unaware 
whether ho was rceeiung a control injection of Ringer’s fluid or an injection 
of jut mt arv extract * 



Tip 12 I'xpt runent 7 TTnter ilum -11 nnd its inhibition bv post pituitnrv extract At TV 
1 000 c c tap vat or were drunk At 1’ and ngmn nt F' 0 0002 c c “ lnfundm ” (Burroughs, 
TTillcomo nnd Co) vns injected intnw enough At TT ' 450 oe water were dmnk At S 
0 f. c c Hiiigi rV fluid w ns injected mtm\enousl\ Knch point on the cur\o represents the 
rate, in c i jn'r 15 mm ,nf Ftcretion of the \ olume of unne collected in the interval between 
this time nml that of the preceding point on the curve Ordinate = cc per 15 min 
\1 >m is-n - tune in hours and nunutis The amounts of chloride (ns NnCl) m the unne nt 
A, 11, C\ 1), nnd 1 were 1,2*0, 115, 155, 110 nnd n S0 mg respectiveU per 100 c c unne 


’.rite experiments wcie undertaken under environmental conditions 
similar to those of the ember ones, that is to sav tho subject arrived m the 
chamber about ‘> 30 a m , undio«sed, nnd lay on tho balance couch during tho 
whole period of observation The dr 5 -bulb temperature m each experiment 
was maintained at 20°, and the wct-hulb at 10 5° m tho former of two 
experiments to he rccoided, nnd at IS 5° m tho latter But whereas in the 
earlier experiments no water was taken, m these diuresis was produced by 
1,000 ec of tap water drunk nt a temperature of 37° The bladder was 
emptied voluntanh at the end of each five or ten minute period 

The results of two experiments pel formed under tho conditions just 
(Ipstnl)pil arc recorded in Figs 12 and 13 If wo restrict our attention for 
the time to the first response to pituitary cxtiact m each experiment, we seo 


• The nr. immtmiw of th<» fluid nml tho intrmcnom injections were nil made b\ lessor 
Otto him or It is ft pleasure to record our deep sense of gratitude for the help winch he so 


willingh g«\ »' 
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that 0 0002 c o (Fig 12) caused, over a period of 55 mm , a temporary 
retention of 172 c c of \rater, this figure representing the difference between 
the volume of water actually excreted m the period, and that which would 
have been excreted in the same period had diuresis persisted at the plateau 
level It corresponds of course with the area of the anti-diuretic response 
on the curve of unne-flow, and will be referred to as the anti-diuretic volume 
Similarly in the experiment recorded m Fig 13 the injection of 0 0001 c c ,* 
under conditions closely akin to those pertaining to the previous experiment, 
produced an anti-diuretic volume of 44 c c spread over a period of 30 nun 
The mean fall in rate over the 55 minute period of the first experiment when 

0 0002 c c was injected was therefore 3 1 c c per min , that over the 30 
minute penod of the second experiment when 0 0001 c c was injected, 

1 5 c c per min The close proportionality of these figures suggests, at 
high rates of water excretion, and at high water loads, the assumption which 



Fig 13 Experiment 8 Water diuresis and its inhibition bv post pituitarv extract At 
W 1,000 c e tap water were drunk At P and again at P 0 0001 c c infundin ’ (Burroughs 
Wellcome and Co ) was injected uitrav enouslj Each point on the curve, and the onlinnte 
and abscissa have the same significance as in Fig 12 q v The amount* of chloride (as 
NaCI) in tlio urine at A, B, C, D, E, F and G were 785 00 86 125, 75 205 and 1°0 mg 
reapectn ely per 100 c c unne 

we shall now make that, the greatest changes m rate of unne flow living 
sub-maximal, there is a direct proportionality between a single increment of 
post-pituitary anti-diuretic substance in the plasma and the mein fall m 
rate over the penod of anti-diuresis on the one hand, and between a single 
decrement of the same substance and the mean nsc m rate over the period 
of diuresis, on the other For simplification of argument we shall also assume 
that at maximum rates of water secretion the concentration in the p!a«nia 
of post-pituitary anti-diuretic substance is zero If we non turn to the data 
comprised m Figs 6 to 11, we can deduce from the aaluo and periods of 
excess secretion of water, that the mean rate at which the e\cc-s w ittr is 

•That water diuresis m man is inhibited to a demonstrable decree In pmnfir rx n 
given intravonouslv in doses of this order has alrcQdv boon shown bv TIi'HiUilii (32) 
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eliminated is 0 6 o o per minute Now the fall in rate given above, 
viz , 15 cc per min , is produced by the presence in the plasma of the 
anti-diuretic substance associated in the original extract with 4 x 10‘ 7 g 
of solute On tho basis of tho assumptions already made, therefore, the 
mean dxurclxc rate encountered in our experiments, viz , 0 6 c o per mm 
is caused by the disappearance from the plasma of the anti-diuretic substance 
associated in tho original extract with 1 6 x 10 7 g of solute The weight 
of the subject of experiment is 68 kg If we assume his plasma volume to be 
2,600 o c this disappearance of anti-diurotio activity corresponds in terms 
of tho total solids in tho extract with a fall in their concentration of one part 
m l 6 x 10 10 parts of plasma But that this calculation over-estimates, 
and probably grossly so, tho dccroraont m anti-diuretic substance to which 
the diuresis may bo attributed, is mode likely by two considerations First, 
the anti-diurctic factor m the solute can be considered as forming a small 
fraction only of tho total weight of substance Second, we have evidence 
{see Table IV) that tho initial diminution m tho rate of water secretion pro- 
duced by post-pituitary extract is greator at low water loads than at high * 
Tho relovant data, collected ut Table IV, aro taken from experiments 7 and 8 
(Figs 12 and 13) 


TABLE IV 

Time from beginning 
of Inst water drink 
ing to bogmmng of 
intravenous injection 1 

Min j 

Amount of post- 
pituitary extract 
injected 

00 

i 

i 

Approximate excess 
water load at timo 
of injection 

00 

Maximum depression 
in rato of 
unno flow 
o o per 16 min 

02 6 

00 

oo 

§ to 

737 

353 

97 

120 

46 j 

06 

00001 

0 0001 

043 

188 

1 

46 

82 


In tlicso experiments tho Inst inhibitions of unno flow were not followed 
by, nor traced to recovery to tho plnteau lovol of dmresiB, so that we could 
not donvo a moan fall in rate as tho basis of comparison of the final 
with tho initial responso in cnoli oxpenmont The figures for the maxim 
depression in rate if unne flow during tho initial inhibitory responses m the 
two experiments suggest, however, that at tho same load of excres ■*£*, 
this depression, whon sub-maximal, is proportional to the dose of extra 
mulcted Wo may mtorprot thoso results as expressive of a greater 

sensitivity, to post-pituitary anti-diuretic substance, oftheproressre^hm 

win «v wluoh aro mvolvod m water secretion, when the water ioaa 
12 ttn WO should expect, therefore, that an increased 

— i n, n ff Theobald tolls us that ho has obtained m dogs 

• In a pnvnto communication Dr t* ” inooou 
ovtdcnco which loads to tho same conclusion 
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elimination of water such as we have observed under the conditions of our 
experiments (see Table II ), would be produced by a smaller fall m con- 
centration of anti-diuretic substance m the plasma than that derived from 
the results of experiments on the inhibition of water diuresis at high water 
loads, and which corresponds with a fall of one part of the total solids of the 
extract in 15 milliard parts of plasma 

During the course of experiments on the inhi bition of water diuresis 
by pitmtary extract given intravenously, we have encountered a fact which 

TABLE V 


Time 

interval 

Mre 

Urmo 
secreted 
during 
inter! al 
c c 

Time of 
beginning and 
of end of 
injection 

Mm sec 

Interval between end of 
injection period and be 
ginning of period first 
allowing inhibition of unne 
flow 

Min sec 

1 Amount of 
| extract 

| rejected 

1 c c 

0 

5 

43 0 



1 

5 

10 

38 5 



1 

10 

15 

45 0 

12 30 13 40 

1 20 1 

1 0 0002 

IS 

20 

35 0 


1 

: 

20 

25 

12-0 



! 

0 

5 

40 5 


: 

i 

6 

10 

41 5 




10 

15 

446 

10 40 17 50 

2 10 

0-0002 

16 

20 

445 




20 

25 

18 5 




0 

5 

47 0 




6 

- 10 

42 0 




10 

15 

45 0 

15 10 10 20 

3 40 

0-0001 

15 

20 

440 




20 

25 

27 5 




0 

5 

63 5 




6 

10 

52-0 




10 

15 

540 

t 



15 

20 

59 6 

15 5 10 15 ' 

3 45 

0-0001 

20 

- 25 

51 0 

1 



25 

30 

38 5 




0 

- 6 

47 0 




5 

10 

30 0 

| 



10 

15 

40 5 

16 10 10 15 

3 45 

0-O00I 

16 

20 

47 5 

1 



20 

- 25 

300 

1 

1 




we think of sufficient importance to record now, though we have not sufficient 
data to make profitable a discussion of its significance On mentioning the 
fact to Dr Theobald we found that lie had already met the same phenomenon 
m experiments on both man and the dog, namely a penod of the order of 
3 minutes between the time at which post-pituitarj extract i® injected into 
the blood stream and the time at winch the response of the kidnct begin® 
Tlus latent period has been evident on everv occasion on which we Ime 
injected the extract, and when careful records of unne flow have been made 
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The data arc gi\cn m Tablo V If we assume t hat an interval of 30 seconds, 
probably a generous estimate, elapses between the end of the injection period 
and the time at winch Die drug reaches the kidney, we see that -alien 0 0002 
cc nas injected the minimum latent period Mas 50 sec m one case and 
1 mm 40 sec in the other When 0 0001 cc was injected the minimum 
latent periods Mere 3 nun 10 sec , 3 nun 15 sec , and 3 mm 15 sec m the 
three observations which Jmic been made In the fourth observation 
recorded m the table, little inhibition could have occurred till about the 
7th or 8th minute from the end of the injection penod Whether the latent 
period is due wholly oi m part to slow diffusion of the active principle from 
plasma to renal cells, to cumulation of the principle to an active concentration 
at these celh, or is, rather, a normal occurrence in that sequence of events 
willun the cell uJueh aro miohed m the inhibition of Mater secretion, Me 
June no cMdencc on which a judgment can be based 

The interpretation of the facts reported in this paper m terms of the 
pitmtan hypothesis still lca\cs ungivcn the reason for the occurrence of a 
fall in the secretory actmty of the pituitary gland in the day some hours 
after a posture of rest has been assumed, and for its variation to the degree 
Minch the ohsennlions on the urine flow suggest Further experiment is 
nccossnn on the line-, already indicated in order that facts relevant to this 
problem* mil v be acquired, and especially to establish whether the diuresis 
m hit h m e hn\ e described is to be regarded rather as the expression of a diurnal 
uirmtion m the processes imoivcci in water secretion, than as a phenomenon 
specifically conditioned, m time of onset and degree oi response, by previous 
administration of water 

Summary 


1 A room is described in which the ventilation and the temperature 
and liutmdiU of the air are under independent control, and m whici ie 
weight of the human subject can be followed with accuracy 

i At the stawlnid conditions of ventilation, air temperature and 
d,o'o„ for o„r expo,,,,, cuts, the drx- and xxetdndb teuipcrfttxu-es 

lire ftHtoi.iiUici.Ht controlled xiithu, 0 2“ ami * ,! th in 

balance emploxcd the u eight of the human subject is determined xiith 

error of less tJian 1 g 

, \\. 10n under on. standard conditions, the fast, ng human subject 

axsnmes Th! recnmheii. posture at about 10 00 horns, ft “spontaneous 
diuresis is found to begin some three to six hours Inter 

4 The d, nation of the diuresis ha. 
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6 The diuresis occurs independently of such changes m external 
environment and variations in voluntary muscular activity as commonlv 
precede the morning period of observation 

7 The onset of diuresis is not related to the attainment of steadiness 
in the rate of “insensible loss ” of body u eight 

8 Transition from the sleeping to the waking state in the morning 
is followed by a temporary nse m the rate of “ insensible loss ” to a value 
in excess of the succeeding diurnal rate 

9 In the course of the ordinary diuresis following water ingestion, 
marked inhibitory responses u ere given m man by the intravenous injection 
of 0 0001 c c of a post-pituitary extract containing 10 oxytocic units per c c 
and 400 mg solid matter per 100 g water The concentration, in the plasma, 
of post-pituitary anti-diuretic substance which causes partial mlubition of 
maximal diuresis m man is, therefore, much less than 1 part m 6 milliard, 
seeing that a fraction only' of the solute m the extract can constitute the 
anti-diuretic factor (Confirming Theobald, 1934) 

10 When such doses of post-pituitary extract as cause partial inhibition 
of a maximal diuresis are injected intravenously , there is a delav of some 
1 to 4 minutes before the diminution in rate of unne flow begins 

11 Facts are presented which suggest that the kidney is less sensitnc 
to post-pituitary anti-diuretic substance at high water loads than at low 

12 On the hypothesis that the output of water by the kidncv is 
physiologically determined through variations m the activity of the pituitary 
gland, the “ spontaneous ” diuresis encountered m our experiments is 
ascribed to a fall intlie concentration of post-pituitary anti-diuretic substance 
in the plasma of less than 1 part of substance m 1 5 x 10 10 parts of plasma 
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THE CEREBROSPINAL ELDED PRESSURE IN ARTERIAL 

HYPERTENSION * 


By G W PICKERING 

( From the Department of Clinical Research, Unnersity College Hospital 

Medical School) 


Many observers since Quincke (23) have described a raised cerebrospinal 
fluid pressure in hypertension, but until recently there has been no systematic 
study of the subject, and it has been impossible adequately to interpret the 
scattered results The work here reported was undertaken to determine the 
cerebrospinal fluid pressure in a representative senes of patients with high 
blood pressure, and to find out the significance and cause of the differences 
observed Meanwhile Shelburne, Blam and O’Hare have published a 
similar study (24), and their conclusions are amplified and largely confirmed 
here These authors found that papilloedema, headache, and renal impair- 
ment occurred more commonly in patients having cerebrospinal fluid 
pressures above 200 mm H«0, than m those with lower pressures The 
systemic venous pressure was not raised in their cases, and they were unable 
to account for the raised cerebrospinal fluid pressure, though they noted 
that it was frequently associated with a diastolic blood pressure of over 
130 mm Hg 

Cases and methods 

The cases investigated were of persistent high blood pressure without 
oedema f The cerebrospinal fluid pressure was measured m a vertical 
manometer tube of 1 mm bore, and corrected for capillarity , precautions 
were taken to have the patient horizontal, to avoid loss of fluid, to a\oid 
postural compression of the neck veins, and to allow the cerebrospinal 
fluid pressure to settle to a steady level In all cases except Case 12 (where 
impaction of the land-brain m the foramen magnum was found after death), 
respiratory and pulse oscillations were present, and the pressure reading-, 
given m this paper are the means of these limits of oscillation The nrtcnal 
blood pressure was recorded bv the auscultatorv method during lumbar 
puncture Before or after lumbar puncture, the s\ stenue \ cnou^ pre— -ure 
was measured by noting m the supine patient the level at which the jusrular 

* ork undertaken on behalf of the Medical lb -onrcli Council 

t A number of coses were referred to me because of retinal le*ion« and for t l i IH " I w b in 
thank Mr Ncamc, Sir John Parsons "Mr Foster Moore and airs Martin 
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veins collapsed Occasionally the venous pressure i?as measured in the 
median basilic vein by the method of Montz and Tabora, giving results 
similar to those obtained by inspection of the neck vems All venous 
pressures are expressed in cm water above the angle of Louis 

The colloid osmotic pressuro difference between blood and cerebrospinal 
fluid was estimated by a slight modification of Veraey’s method (25), using 
plasma inside the capsulo and cerebrospinal fluid as the cbalysate The 
plasma -was obtained immediately after lumbar puncturo by withdrawing, 
\\ ilhoul congestion, 10 c c of venous blood into 0 1 c c of saturated potassium 
oxalate solution The apparatus was set up m duplicate or triplicate and 
readings usually agreed to 5% Since comparative rather than absolute 
values of the osmotic pressure were required, no account was taken of the 
plasma dilution observed by Copo (5) and attributed by him to stretching 
of iho tdloplmno membrane 


Variations of rrrihro^jnnnl fluid pressure in the individual 

In mx pitients (Cases 4, 10, 25, 27, 31, and 35, Tabic I) tho lumbar 
pn Nsiire \amd !>\ 30 mm water or less, when measured on two or moro 
ou 1 * 1011 “ In live otlurn (Casts 2, 3, 1 1, 15, and 1G) tho variations were 
gn dtr In (W* 15 nphnsta developed suddenly on 30 G 34, and lasted 
X da\s , on 1 7 31 tlm lumlnr pressure was 331 mm water , fivo days later 
it had fallen to 270 mm , and 29 days later to 227 mm Tho fall of pressuro 
in this < im< may be correlidod with the gradual regression of tho disturbance 
prodtu i d by an at ute t ert bral % ascular lesion In Case 14 tho spmal pressure 
fill from 270 mm on 17 5 33 to 150 mm on 10 G 33, and tho blood pressure 
droppe d from 2 1 G/l 55 to 1 78/1 15 during the same period In tho other cases 
no explanation could ho offered for tiio variations in lumbar pressure 


The relationship of the cerebrospinal fluid prepare to clinical features of the 

disease 

In t lie 37 pationts with high blood prossuro who wero oxammed, the 
u rubrospinal fluid pressure ranged from SO to 400 mm water When the 
cases are arranged m order of cerobrospmal fluid pressuro, as m Table 1 
uhich summarises their ohief features, it is found that they fall naturally 
into tuo groups presenting a number of striking differences Group 1 

consists of patients mill spinal pressures abovo 250 mm ' andGr0U P"°, ft J/° 
u ,th loner pressures In addition, 3 pationts (Cases 14, 15 and 16) had on 
different occasions pressures both above and belon 250 ram they have been 
n aecd in Group la, and presenting as they do features to some extent 
intermediate botuoen tho two groups, mil bo omitted from the following 

discussion { G ! rangc m ago from 15 to 40 years the 

average ago fm file group ,s 35 years In Group 2 tho age vanes from 44 to 
71 and the avorago ago is 56 years 



C F P AND HYPERTENSION 


399 


Duration of life The 13 patients of Group 1 all died at a period varying 
from 1 day to 19 months after lumbar puncture Of these cases 10 died m 
uraemic coma, 3 died suddenly in convulsions, probably or certainly to be 
attributed to cerebral haemorrhage The average duration of life for the 
patients composing the group was 4 months 

Of the 21 patients of Group 2, 5 have died, 14 are known to be alive 
at the time of writing and 2 are untraced, but no death certificates have been 
issued Of the 5 cases that have died, one died of carcinoma of the breast, 
and one of aneurysm of the abdo min al aorta of syphilitic origin In 3 of the 
cases death was due to the hypertensive disease itself , uraemia being the cause 
in one, a cerebral vascular lesion m two cases The average duration of life 
for the 19 patients traced was greater than 20 months 

Impairment of renal function Renal function was assessed by the urea 
concentration test and by estimatmg the blood urea The cases mav be 
divided into — those m which renal function was normal, as shown by a 
maximum urea concentration m the urine of 2 0% or more those in which 
renal function was shghtly impaired, as shown by a maximum unne urea 
concentration of less than 2 0% with a normal blood urea and those with 
renal failure and nitrogen retention, as shown by a raised blood urea Of 
the 13 cases m Group 1, 2 had normal renal function, 4 had impaired renal 
function and 7 had gross renal failure with nitrogen retention at the time of 
lumbar puncture One (Case 9) of the two cases with normal function, and 
two of those with impaired renal function (Cases 3 and 11) died later m 
uraemia In Group 2 on the other hand renal function was normal in 14 
cases, shghtly impaired in 4 cases, and renal failure with nitrogen retention 
occurred m 2 cases Uraemia has not subsequently occurred in any of the 
patients of Group 2 who had normal or shghtly impaired renal function at 
the time of lumbar puncture 

There is thus a pronounced tendency to a severe and fatal involvement 
of the kidneys in those hypertensive patients who have a greatly raised 
cerebrospinal fluid pressure On the other hand those hypertensive patients 
who have a normal or only shghtly raised spinal pressure do not usualh 
develop renal failure 

The fundus ocult The retinal lesions m high blood pressure are usually 
divided by British ophthalmologists into the forms albuminuric and arterio- 
sclerotic retinitis (21),* although it is recognised that cases occur that are 
intermediate m type Arteriosclerotic retinitis avas first differentiated from 
the albuminuric form In Foster 3foore m 1917 (20) was found to hiat a 
better prognosis and was regarded ns having the following charicteri-tic« 

* A «nmlnr diwsion is UMinlh nuulo in Vim nc;t though often unth r n difl " it ton i ' 
thus of the 3 ihfTtnnt oplitlmlmo-copic piclun- noogni <1 m livpo»t«n "i I" 11 **’" T — ' J 
Opponheimcr (S) nrtino=clcrotic rctinojuths om 1* tul- to imm-rir'i nu iti r I 
mnhgnont hvpcrtcnsiae retinitis unit cliohtd »Ii i r in t v con i! nd n m- r r 1 ^ r 

retinitis The Gcmwn lcichto ntvpi cho Hitiniti- (17) seen c to tcr-i jorilto n—tr'" w - » T 
retinitis 
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TABL 


Cn*.o nnd dingnOMs 

\ge nnd tcc 
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H 

O 

Date ! C S F 
, tnnn HjO 

Artennl Venous 

mm Hg cm H.O 
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i 
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i 

; 
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1 
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24 5 32 1 
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- 5 
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1 

i 

1 
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1 
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1 s s 71 
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TABLE 







Pressure 

Hb 

% 

Caso and diagnosis 

Ago and sox 

Date 

CSF 

Arterial J 

Venous 






mmH s O 

mm Hg • 

am H a O 

Group la 

14 Malignant 
hypertension 

41 

III 

17 5 33 
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syst 

216 

dmst 
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7 0 33 

170 
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0 






10 0 33 
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15 
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05 
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TABLE 


Case and diagnosis 

Ago and sex 

Date 

V 

Pressure 

Hb 

o/ 

/O 

CSF 
mm H.O 

Artenal 
mm Hg c 

Venous 
m H.O 

Group 2 
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0 
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l 

i 
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l 
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1 

1 

37 Essential l 54 M 13 4 32 SO i 194 
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0 


The retinal lesion consists of small sharply defined wlnto spots, usually 
unilateral, always associated with retmal arteriosclerosis, but never with 
retinal oedoma and larcly with swelling of the disc , a macular star figure 
is uncommon and is composed rather of discrcto dots than of radiating 

mCS Jn albuminuric retinitis a raised cerebrospinal fliud pressure has been 
observed by Cushing and Bordloy (3, 6), Larsson (16), and McAlpme (IS) , 
Bishberg and Opponhonner (S) on the other hand state that this is not 
invariable Shelburne, Blam and O'Haro (24) found that papiUcedema was 
inescnt m 19 out of 20 eases of hypertension with a lumbar pressure greater 
than 200 mm watci, but m only 2 out of 30 cases with a lower lumbar 
pressure , they made, howevei, no other distinctions between the retmal 

changes found in their two gioups 
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I — continued 
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In the senes of cases here investigated a close association has been found 
between the type of retinal lesion and the height of the cerebrospinal fluid 
pressure These retinal changes are summansed in Table I * 

In Group 1 all the patients presented, at the time of lumbar puncture or 
subsequently, the changes characterising albummunc retinitis, namely 
bilateral swelling of the nerve head, large ill-defined exudates m both retime, 
and a macular star figure The complete picture was not always present, 
particularly at the first examination, but the subsequent course of the lesions 
resolved all doubt as to the type of retinitis to which thej conformed Two 
illustrative cases in winch the nature of the retinal lesion was originally in 
doubt may be cited 

* Mv culminations of tlio fundus oculi were chocked b\ Mr Xearoe, ophthalmic surgeon to 
Umvcraitv College Hospital, to whom I wish to express mv gratitude 
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In Case 8 the cerebrospinal fluid pressure was 270 mm water on 19 4 32 , 
both discs were hazy, and there was a number of large ill-defined exudates m 
both eyes but no star figure On 18 5 32, the optic discs were swollen by 
3 and 4 diopters, both retinae were cedematous and showed numerous large 
ill-defined exudates, and a partial star figure was present at each macula 
She died m uraemic coma on 24 6 32 

In Case 9, Sir John Parsons found retinal arteriosclerosis and a number 
of small sharply defined white spots in both eyes and a macular staT in the 
right eye m August, 1931 , a diagnosis of arteriosclerotic retinitis was made, 
renal function was then normal In June, 1932, the cerebrospinal fluid 
pressure was 270 mm , the discs were hazy but not definitely swollen, the 
white spots were of larger size but still well defined, and the star figure 
persisted m the light eye , renal function was normal In February, 1933, 
there was gross sw elling of botli discs, and of the surrounding retinae, there 
were numerous largo coalescent groyish yellow exudates, and both macular 
regions were covered with white masses forming irrcgulai sheets, renal 
failure w as then advanced and tho patient died m uraemic coma m April, 1933 

In Group 2 on the other hand, 12 patients had no lesion of the retina 
apart from arteriosclerosis, and 8 had arteriosclerotic retinitis , one patient 
(Case 33) was exceptional m having albuminuric retinitis, but m her the low 
lumbar pressure may have been due to dehydration from ursemic vomiting 
Of the S cases of arteriosclerotic retinitis, only one presented oedema of the 
nerve head, and tins was unilateral and transient The “exudates ” were 
unilateral m 6 cases, bilateral m 2, and ucio smallei and more sharply defined 
than m Group 1 Oedema of tho retina uas never obseived The only 
two cases in winch there was any doubt as to the type of retinitis are briefly 
as follows 

Case 27 w'as referred from Moor field’s Eye Hospital m November, 1931, 
w’lth tho diagnosis of albuminuric retinitis m the light eye, the left being 
atypical , the cerebrospinal fluid piessuro was 163 mm At that time she 
presented in the right eye a few small shining spots to the temporal side of 
tho disc and a macular star figiue composed of ladiatmg lines and irregulai 
sheets , m tho left eye there w ere only a few shining spots near the disc , 
aiteuosclciosis w r as pronounced in both eyes but there was no cedema of 
either nerve head or retina In August, 1933, tho spots had disappeared 
fiom tho left eye, but tho macular stai remained unchanged m the light In 
June, 1934, a few small discroto dots round the right macula wcie the sole 
remnants of the original retinitis Tho mine remained fice from led cells 
and casts tlnoughout, and lonal function was essentially tho same m 1934 
as m 1931 

Case 29 w'ns sent by Mi Ncamo m July, 1933, as a case of arteriosclerotic 
retinitis with 1 diopter swelling of tho left disc In August, 1933, the 
cerebrospinal fluid piessuro was 165 mm H 2 0, the left disc was su'ollen 
i dioptci, and Avns sunounded by ladiatmg luemorrhages , there Avere 
numerous small, shaiply dofined, punctate or oblong yelloAVish-w’hite aieas 
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m the left retina In the right eye there were no lesions apart from 
arteriosclerosis, which was present in both eyes The swelling of the left 
disc disappeared by September, 1933, being replaced by consecutive optic 
atrophy In July, 1934, the conditions of the fundi and of the patient 
generally, were unchanged 

In 1908 Cushing and Bordley (6) suggested that albuminuric retinitis 
is due to raised intracranial pressure Their chief evidence was the 
improvement in the retinal condition witnessed after repeated lumbar 
puncture, (3) (6), and the complete regression of the retinitis after cerebral 
decompression m one case of their own (6) and one of BramwelTs (4) But 
m one of the cases improving after lumbar puncture, and one of the two that 
were decompressed, the retinitis followed pregnancy, under which circum- 
stances the lesions are frequently transient (21) * While a number of recent 
authors (16, 18) concede that papillosdema is due to raised intracranial 
pressure, Cushing and Bordley’s hypothesis has not been accepted m its 
original form because it fails to account for the presence of “ exudates ” 
in albuminuric retinitis and their usual absence in tumour of the brain 
The precise nature and cause of these exudates remains obscure, but it is 
probable that they are essentially similar m both forms of the retinitis of 
hypertension Thus Foster Moore (20) was unable to distinguish any 
fundamental histological differences between them, and cases are occasionally 
met in which the lesions, initially of the arteriosclerotic type, finally present 
the typical picture of albuminuric retinitis (e g Case 9) The distinguishing 
feature seems to he the presence m the albuminuric form and the absence 
m the arteriosclerotic form of more or less widespread neuro-retinal oedema, 
and the observations here described suggest that this m turn is a simple 
consequence of the level of mtraoramal pressure Thus in the albummunc 
form the intracranial pressure is at or above the level at which m other 
disorders fluid accumulates in the nerve head and retina (1), whereas in the 
arteriosclerotic form the pressure is less raised or is normal 

Types of hypertension From what has already been said it is evident 
that the two groups of cases present numerous differences in their mam 
clinical features, and it is perhaps to be anticipated that they will conform 
to two essentially different types of hypertension, the one grave, the other 
relatively benign Until the etiology and mechanism of hypertension are 
known, no classification can be satisfactory, but the cases of Group 1 all 
correspond to the pale hypertension, and those of Group 2 (except Cases 
21 and 33) to the red hypertemson of Volhard (26) On the basis of the 
classification originally proposed by Volhard and Fahr (27) and now generally 

* In two coses of the present senes this was so Thus in Case 2, the retinitis began 2 weeks 
and had resolved 1 year, after parturition In Case 6 albuminuric retinitis do\ eloped 1 month 
before term in Ma> , 1925 m August, 1926, the retinitis had disappeared leaving onh pigmented 
spots in the retina The discs were again swollen but there were no retinal exudates in December, 
1932, during terminal renal failure It ma> be noted that cerebral decompression has not always 
proved successful in relieving albummunc retinitis Thus Grant (11) has recent Iv described 
2 coses in which decompression failed to improve the retinitis, but in both the intracranial pressure 
also remained raised 
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accepted, thero were, m Group 1, S cases of chronic nephritis 4 of malignant 
hypertension, and 1 of periarteritis nodosa In Group 2 theie were 19 cases 
of essential hypertension and 2 of cliromc nephritis The occurrence of 
undoubted cases of chronic nephritis m both groups shows that the types 
of hypertension cannot be sharply differentiated bv the cerebrospinal fluid 
prcssuie It seems that a cerebrospinal fluid pressure above 250 nun watei 
is an expression of sonic advanced stage of disease, which is reached eventuallv 
m cliromc nephritis and malignant livpertension, but rarely, if ever, m essential 
hypertension 

Relation to com nlsions, coma and headache A disturbance in the func- 
tions of the brain commonly occurs m patients with high blood pressure as a 
result of rupture or thrombosis of a cerebral vessel , such disturbances are 
usually fatal or more or less permanent Occasionally however, the dis- 
turbances though profotuul, are transient for example, there niav be one 
or more convulsions, followed by coma which disappears in a few hours and 
leaves no abnormal signs m the central nervous system These attacks are 
termed pseudo -imenua (26) or hypertensive encephalopathy (22) and are 
m the absence of a known chemical cause, commonly attributed to cedema of 
the brain (Volhnrd (26)) Since the patients rarely die during these attacks 
the evidence foi this view of their origin is chiefly circumstantial A common 
argument is the presence of a laised cerebrospinal fluid pressure m such 
cases (16 26), but this does not bear examination for two reasons In the 
first place, although the onh 3 patients of this senes expencncuig these 
attacks had cerebrospinal fluid pressures of 250 to 350 mm water jet the 
other 1 0 patients w ith cquallj raised pressures had no attacks In the second 
place, m two of these (Cases 2 and 3) the cerebrospinal fliud pressure was 
found to be e^scntialh the same m and out of the attacks It is evident 
therefore that the disturbance producing the attacks commonly fails to 
influence the cerebrospinal fluid pressure Nevertheless m the third ease 
(Case 12) evidence of cerebral cedema was found during life and confirmed after 
death, the brain being impacted m the foramen magnum Gorkc and 
Toppich (10) and Blackfan and Hamilton (2) have each described a case m 
which a similni lesion was found at a ut ops's , though m neither case were the 
cciebial disturbances so profound ns m that described here The tliTee cases 
arc buefh as follows — 

Case 2 A woman of 34 viars, lo-t the sight of lior right eve nnd her nbilitv to speak and became 
drovvsv 3 hours before the onset ot her third labour on 10 3 31 Labour was otherwise uncvxnttul 
nnd lasted 0 hours Her s\ stolic blood pressure was 100 mm Hg, she had slight cedema of the 
legs nnd arms, and lier urine contained much albumen , the blood urea was 43 mg % She 
remained drovvsv until 3 l 31 when she recovered, b\ tin-, time the cedema had disappeared 
blit the li\p< rtmsion poixistid , the fundi were normnl On 7 4 31 the optic discs were linzv 
and tlure was one large exudate in the left eve On 2 5 31 she lmd two hemiplegic attacks 
iissix mted with drowmiuvs nnd aphasia and emli lasting several minutes , the first affected the 
left, the seiomi the right side of the brxlv \fter the attacks there were no abnormal nervous 
sign's On 7 5 U ttlhunumini n timtis was fulh developed m both eves About 4 p m on 25 5 31 
she became drowsv nnd confused and there was conjugate deviation of the eves to the right 
Lumbar puncture at 7 p m was toUovvtd bv two generalised convulsions and coma winch lasted 
about 1° lionrs Two similar nt tacks onurnd on 30 5*11 nnd 30b 31 Albuminuric retinitis 
was disappearing on 10 10 11, and had resolved bv 20 5 32 leaving consecutive optic ntroplij 
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and pigmented spots m the retina Hypertension and the presence of albumen and casts m the 
unno persisted tliroughout, but there was never an\ rise m the blood urea She died suddenly 
in convulsions on 2 12 32 The following lumbar pressures were recorded 


Date 

t 

Cerebrospinal fluid 
pressure m mm water 

Symptoms 

8 5 31 

200 

Headache 

21 6 31 

310 

Iso symptoms 

25 5 31 

| 

350 

Coma A convulsion followed 

immediately on lumbar puncture 

10 7 31 

1 

. 

1 205 

1 , 
i 

No symptoms 


Case 3 A girl of 16 years became drowsy with the onset of her menstrual period m October, 
1030, and later became comatose and had 3 epileptiform convulsions Coma lasted 66 hours m 
all and recovery from it was complete The systolic blood pressure was 100 mm Hg the blood 
urea 00 mg %, and the urine contained red blood corpuscles, granular casts and much albumen 
There was no oedema Albuminuric retinitis was present m both eyes The blood urea fell to 
60 mg % at the end of October but the blood pressure remained raised During her menstrual 
period of Hoi ember she experienced seiere headache, but neither coma nor convulsions With 
the onset of menstruation on December, 22nd, 1030 she became irritable and complained of 
headache On the 23rd she became comatose and had thirteen generalised convulsions each 
lasting about 2 minutes , Babmski’s sign was positre e on both sides Kecovery from this state 
was complete on December the 25th, 1030 On January the 28th, 1031, dunngthe next menstrual 
period she agam became comatose and had convulsions , recovery was complete, apart from se\ ere 
headache, by Januan the 30tli In the menstrual period of February, 1031, she became drowsy 
for 2 days and complained much of headache but had no fits During the disturbances of Decern 
ber, January, and February, the blood urea was normal, and the blood diazo reaction was negative 
From this time there were no further convulsions, nor did she agam become comatose until an 
acute exacerbation of the nephritis led to death m unemia on July the 0th, 1031 The following 
lumbar pressures were recorded 


Date 

Blood 
pressure in 

TTITTI Hg 

Cerebrospinal 
fluid pressure m 
mm water 

Symptoms 

28 1 31 

246 

1 

! 275 

i 

Coma Convulsions preceded and followed 
lumbar puncture Menstruating 

27 2 31 

215 

260 

Drowsy Headache Menstruating 

28 2 31 

215 

300 

Drowsy Headache Menstruating 

5 3 31 

1 214 

, 260 

No symptoms Menstruating 

10 3 31 

214 

300 

i 

No symptoms Not menstruating 


Case 12 A seaman aged 22 became delirious and had a fit followed bv coma on 1 10 32 When 
admitted to hospital on 2 10 32 he was very drowsi and suffering repeated convulsions but 
presented no other abnormal signs in the central nervous s\stem He had n systolic blood 
pressure of 100 mm Hg and a blood urea of 110 mg ° 0 the urine contained albumen 
granular casts and blood There was no retinitis it lam on 3 10 32 20 c e of cerebrospinal 
fluid were removed b\ lumbar puncture the pressure was not measured but was thought to be 
increased Five epileptiform fits followed in quick succession and b\ 2 a m the temperature 
had nson to 105°F At 11 30 a m the temperature hod fallen to 102 C F lie was n little le-s 
drowsy and lumbar puncture was repeated The fluid rose to a height of 250 mm in the 
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manometer tube, and showed small pulse but no respiratory oscillations Alter removal of 
ioa° °* pressure fell to 100 mm f jugular compression mised the pressure slowly to 

ISO mm at which it remained when the compression was released Impaction of the brain in 
tlio foramen magnum 'was diagnosed and no further Quid removed He was treated by intra 
\onous injections of 25% glucose, and had no more fits, though remaining more or less drowsi 
The i blood urea rose to 2o0 mg % on 6 10 32, and on 7 10 32 both discs were swollen, and large 
exudates were present in both retina; He died on 8 10 32 Autopsj showed periarteritis 
odosa affecting the heart and pancreas slightly and the kidneys extensn elv The brain was 
tense and its com olutions flattened , a “ pressure cone ” was present, the medulla and cerebellum 
ing pressed backwards and moulded to fit the foramen magnum The cerebral arteries and 
Drain substance snowed no macroscopic abnormalities 

In two of the patients just described (Cases 2 and 3) the cerebrospinal 
fluid pressure was essentially unaltered during the presence of headache 
A similar observation was made on Case 4, a man aged 41 suffering from 
malignant hypertension On 6 5 31 this patient complained of severe 
headaclio and the spinal pressure was found to be 305 mm , on the following 
day he had no headache and the spinal pressure was 290 mm While there 



Fig* 1 nnd 2 The cerebrospinal fluid pressure (in mm C S F ) is plotted against tlio svstolic 
nrtcrml pressure (in mm Hg) (Fig 1) nml the dinstolic arterial pressure (Fig 2) In each 
figure the rectnnglo represents the range of \armtion of these pressures ui normal subjects 


is no evidence that headache m these cases was due to raised intracranial 
pressure, jet it is probable that tlio pain was duo to some form of mechanical 
change m the cranial cavity, for m all three patients the pain w as immediately 
increased by withdiawal of cerebrospinal fluid 

The cause of taised eadnospinal fluid pressure in hypertension 

In attempting to find tlie cause of tlio raised spinal pressure, the following 
factors have been investigated 

Venous pressure In most cases tho venous pressure was normal Prom 
Table I it is evident that ccicbiospmnl fluid and systemic venous pressure 
are unrelated 
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Arterial pressure In Pigs 1 and 2 the values for the cerebrospinal 
fluid pressure have been plotted against the values for svstolic and diastolio 
artenal pressures The cerebrospinal fluid pressure is unrelated to the systolio 
pressure, but appears to be related to the diastolic pressure, though not 
exactly 

Ancemta That anaemia may be a factor m detei mining the cerebro- 
spinal fluid pressure is suggested by the case of a male aged 33 and suffering 
from bleeding piles, who had a cerebrospinal fluid pressure of 210 mm 
water and an artenal pressure of 105/65 mm Hg on 14 11 31 wlion tho 
haemoglobin content of his blood was 30% On 18 12 31 when his hremo- 
globm was S0% the cerebrospinal fluid pressure was 150 mm uater and tho 
artenal pressure 108/75 mm Hg In the present senes anaemia was 
commoner in Group 1 than in Group 2, and may in some cases have con- 
tnbuted to the raised spinal pressure, but there u as no close relationship 

Vascular permeability In 6 cases of Group 1 the protein content of tho 
cerebrospinal fluid varied from 0 04% to 0 14% and averaged 0 07% , in 
10 cases of Group 2 the protein content vaned from 0 02% to 0 08% and 


TABLE n 


Case 

C S F pressure 

1 Colloid osmotic pressure 

difference 


mm water 

1 Blood/C S F cm wator 


JC 

(7) 

270 

30 0 

ML 

(0) 

270 

20 0 

JX 

(14) 

270 

20 0 

AC 

(17) 

240 

33 4 

MW 

(18) 

210 

32 0 

AW 

(20) 

200 

34 8 

EC 

(27) 

105 

28 0 

HP 

(28) 

105 

28 8 

1 


averaged 0 035% The cell counts of the fluid wore noi mal m all cases 
This suggests that the oerebial capillaries were slightly more permeable to 
protein m the patients of Group 1 than in those of Group 2 

Colloidal osmotic pressure differences beineen blood and cerebrospinal fluid 
The colloid osmotic pressure difference between blood and cerebrospinal 
fluid has been determined in 8 cases and tho results are shown m Table II 
It will be seen that there is no constant relationship between this value, and 
the cerebrospinal fluid pressure 
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Retention of chemical substances by the kidneys In 2 patients of Group 1 
(Cases 4 and 9) the urea concentration test gave normal values, and in 4 
patients (Cases 2, 3, 7, 11) there was no nitrogen retention Without further 
evidence, the retention of chemical substances by the kidneys cannot be 
considered as responsible for the raised spinal pressure 

Comment Although other factors must be concerned, the diastolic 
arterial pressure is the only one actually found to show a close relationship 
to the cerebrospinal fluid pressure, and tlus relationship might result in one 
of two ways In the first place a raised cerebrospinal fluid pressure might 
produce a raised blood pressure Dixon and Heller (7) have shown in the 
dog that when the absorption of cerebrospinal fluid is hindered by mtra- 
cisternal injection of kaolin the resultant raised intracranial pressure is 
accompanied by a rise of blood pressure Heller (12) has supposed that 
the mechanism m certain cases of human hypertension maj' be similar, 
and m support of his view he has used a statement of Kahlers (15) that m 
some cases of liypoitcnsion, removal of cerebrospinal fliud produces a fall 
of blood pressure In the cases hcie investigated, removal of cerebrospinal 
fluid has produced no fall of blood pressure either as an immediate or as a 
remote effect , Hulsc (14), Shelburne, Blam and 0 Hare (24), and McAlpine 
(18) have described similar results The evidence is, therefore, against this 
view A second possibility is that the cerebrospinal fliud pressure is deter- 
mined by tlio diastolic arterial pressure, or more probably by the mean 
arterial pressuro to which the diastolic pressure approximates more closety 
than does the systolic value * Such a relationship could be explained as 
follow s The available evidence suggests that high blood pressure is due to an 
increased peripheral resistance resulting from arteriolar constriction It is, 
lion ever, unlikely that tins constriction affects the cerebral vessels to any 
extent, since, m animals at least, they react very weakly to such agents as 
sympathetic stimulation and adrenalin (9) and do not participate m the 
generalised vasoconstrictor response to the carotid sinus and depressor 
reflexes (13) The ccrcbial capillan pressure, and thcieforc the pressure m 
the choroid plexus which largely determines the rate of formation of cerebro- 
spinal fluid, may thus be piopoitional to the mean arterial pressure Any 
final conclusion on this matter is, however, unwarranted until we have 
preciso knowledge of the mechanism of hypertension 

Summary 

1 The general clinical features presented by hypertensive patients 
with ccrcbi ospmnl fluid presumes of 250 mm water and over contrast 
stiongly with those presented by patients having lower pressures The 
foimcr are younger, tho kidneys are usually severely damaged and the 

* Shelburne, Blnm and O’Hare (2 1 ) seem to lm\ o refrained from draw mg a similar conclusion 
became the\ found that the cerebrospinal fluid pressure wni unaffected bi a rise of arterial 
pressure produced b\ brief compression of an nrtorio\cnous aneurism This obsenation is not 
fit net I v relo\nnt, because it is tlio effect of n persistent, nnd not of ft brief, nso of arterial pressure 
that aro considered here 



OFF AND H YPEBTENSION 


413 


dis ease progresses rapidly to a fatal termination The latter are older, the 
kidneys usually escape severe damage and the disease progresses less rapidly 

2 Every patient with a cerebrospinal fluid pressure over 250 mm 
water developed albuminuric retinitis With one exception every patient 
with a lower cerebrospmal fluid pressiue had either no retinal lesion or the 
lesions characterising arteriosclerotic retinitis It is suggested that the 
essential difference between these two forms of retinitis is the addition m 
the albuminuric type of neuroretmal oedema resulting from increased intra- 
cranial pressure 

3 In individual patients with high blood pressure, the cerebrospmal 
fluid pressure has been found unaltered during headache and during acute 
attacks of coma and convulsions unassociated with uraemia 

4 There is a relation between high diastolic blood pressure and high 
cerebrospmal fluid pressure , and it is suggested that the former is one of the 
factors determining the latter 
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FURTHER OBSERVATIONS ON THE VESSELS AND NERVES OE 
THE RABBIT’S EAR, WITH SPECIAL REFERENCE TO T HE 
EFFECTS OF DENERVATION* 

By R T GRANT 

( With the successive collaboration of P D Camp ( Boston , USA), 
Ashtox Graybieii (Boston, USA) and Paul Rothschild ( Franlfurt , 

Germany) ) 

(From the Department of Clinical Research, University College Hospital) 


The observations described m the following paper were undertaken largely 
m the hope of obtaining further knowledge of similar phenomena occurring 
in man as a result of operative procedures for the rebef of diseased conditions 
of the peripheral vessels So far as is known, the vessels of the rabbit’s ear 
correspond closely in their anatomy and physiology to those of the human 
extremities, and they offer the great advantage of bemg open to direct naked 
eye or microscopic examination m the intact ammal In man the state of 
the vessels has to be gauged, for the most part, indirectly by secondary 
phenomena, such as skin colour and temperature or by bmb volume , m the 
rabbit, the vascular state can be observed directly and can be correlated 
with these secondary phenomena 

Some effects of denervation m the rabbit’s ear have been described 
briefly m a previous paper (14), but since then more information has been 
obtained Before going on to describe m detail the changes that take place 
m the vessels after removal of their nervous control, it is necessary to refer 
to the normal vasomotor reactions for, although the rabbit’s ear has been 
used for many years in experiments, much of the recorded work is vitiated 
by insufficient physiological knowledge 

Methods 

Choice of animals Throughout we have used albino rabbits for, 
although the larger vessels are easily observed in the coloured animals, the 
skin pigment obscures the ground colour of the ears, alterations of v Inch are 
easily seen in albinos and which are important as indicating the state of 
the minute vessels 


ork undertaken on behalf of the Medical Research Council 
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Many of our observations have been made on unanrosthetised animals 
and it is of help to choose an animal of a disposition suitable to the experiment 
m hand Thus, to observe the vasomotor effects of body temperature it is 
best to have a stolid animal, one not easily disturbed by conversation or 
movements m the room, and which will sit quietly for long periods On 
the other hand, the vasomotor effects of emotional disturbance are most 
clearly show n by a nervous animal, winch remains on the alert and reacts 
vigorously to sensory stimulation 

Preparation of the cars The hairs may be removed either by clipping 
with scissors or by a barium paste Care must be taken not to injure the 
slvin and should this happen, as is shown by reddening, observation should 
be delayed until the reddening lias subsided It will be shown later (p 6) 
that local injury to some extent modifies the vasomotor responses Since 
reddening of the skin may not appear for several hours after the application 
of the barium paste, the cars *0iould be prepared 24 to 4S hours beforehand 

Control of the animals Tho unanEcsthctised rabbit will not sit still 
for long unless restrained The restraint, how ever, need only be slight 
In early observations w c enclosed the body of the animal m a w ooden box, 
tho head being exposed, but i\e have since discarded this as unsatisfactory 
Sooner or later the animal struggles and may injure itself A satisfactory 
method of rcstiaint is to cover the body of the sitting animal with a cloth, 
the ends of which are held down on each side b} sandbags Usually, if the 
rabbit is kept w arm and has recently been fed, it w ill remain quiet and drowsy 
for long periods w ith only occasional movements A cold or a hungry rabbit 
is apt to be restless , a rabbit will become restless if warmed too much It 
is important to warm the animal artificially, for if it is inactive bod} 
temperature falls , we do this b\ placing the rabbit on a flat, cloth-covered 
copper box through which water cn culates, warmed to the degree required 
for the particular observation 

Anaesthesia Whenever possible, wo have used the unantcsthetiscd 
animal and certain reactions are obtainable only in this state For certain 
purposes the quietude (not so much of the muscles, but of tho nervous system), 
obtained in tho wnj just described, is insufficient and light anaisthcsia is 
ncccssaiy We have found a 10% aqueous solution of sodium luminal 
satisfactory when injected subcutaneously m doses of 1 0 to 1 3 c c per kg 
of body weight Tho solution is best used frcslil} prepared , after several 
days a precipitate forms and tho solution is less effective on injection Within 
an hour of injection tho animal, if kopt warm and undisturbed, lies quietly 
asleep and will remain so foi at least 6 hours If it is cooled or warmed too 
much it will become restless , if it is handled caiclessl} or pinched it will 
struggle momentarily The animal is again fully nw'akc after 24 to 4S horns 
The injection may bo given lcpcatcdly nt internals of about a week without 
obi ions ill effects Observations involving cutting tho skin and dissection 
reqiiuc the addition of cithci local novocamo or general ether anaesthesia 
according to the circumstances 
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Blood pressui e estimation The device "which we have used for estimating 
the blood pressure has already been described elsewhere (15) The capsule 
is shown attached to the ear in Fig 7 

Recording the state of the ear vessels In describing the ear vessels it is 
convenient to divide them into three groups We shall speak m the following 
pages of (a) the mam vessels, meaning the central artery, its main branches 
and the chief veins , (6) the small vessels, meaning the network of small 
arteries and veins that cover the blade of the ear and are visible to the naked 
eye , of (c) the minute vessels, the term includin g the artenoles, venules, 
arteriovenous anastomosis and the capillaries, which are indistinguishable 
as separate vessels to the naked eye but give rise to the ground colour of the 
ear The state of the minute vessels is readily gauged by this ground colour 
The thin blade of the ear rapidly dissipates heat and thus alterations 
of the bloodflow through it are quickly reflected in changes of temperature 
Provided that the room air is still and that the rabbit is quiet, the surface 
temperature of the ear is a good index of the state of the vessels The 
temperature is measured galvanometncally, constantan-copper thermal 
junctions being attached to the blade of the ear, as is shown in Fig 7 When 
the junctions are attached to comparable spots on the two ears their recorded 
temperatures are very close to each other, within 0 5°C , and under controlled 
conditions the same temperatures can be recorded from the ears day after 
day It is convement to have the leads to the junctions interrupted by a 
small vulcanite plug and holder at the base of the ears The rabbit can then 
be turned loose without disturbing the junctions strapped on the earB All 
temperatures are given m the centigrade scale 

Intravenous injections To avoid disturbing the head region, a cannula 
can be inserted conveniently into the small vein which runs up the back 
of the thigh, along the line of the sciatic nerve It bes subcutaneously 
embedded in the stout fascia covering the muscles 

The arrangement of the rabbit for observation under luminal is 
shown m Fig 7 

Normal control of vasomotor tone 

Under ordinary conditions of laboratory examination it will be seen 
that, usually, the calibre of the ear vessels is constantly varying, the ears 
flushing and paling These changes occur irregularly and often very 
rapidly They are brought about through the varying activity of the 
sympathetic nerves and their activity is in turn controlled mainly by 
the body temperature and by the sensory nerves In general terms it 
may be said that when body temperature is low the vessels are narrowed, 
when high they are relaxed , relatively weak sensory stimuli cause 
constriction, relatively strong ones dilatation usually preceded by constriction 
The chief single factor controlling the calibre of the vessels is the body 
temperature, and it is only when the body is normally warm that the 
effects of sensory stimulation are conspicuous These general remarks 
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require amplification, and we will consider first tlio effects of "body 
temperature 

Effects of body temperature The effects of body temperature are 
most conveniently studied m tho lightly anaesthetised animal, for then 
the responses to sensory stimuli are much reduced We have not observed 
any material difference between the normal and lightly amestlietised 
animal m the effects of body temperature on the ear vessels 

In a rabbit asleep under luminal and when precautions are taken 
to avoid disturbing it in any way, tho vascular state of the cars is almost 
entirely controlled by the body temperature Room temperature has 
but little effect on the vessels When the rabbit is cold, that is when 
tho rectal temperature is about 37 °C or less, the ground colour of tho 
cars is blanched, the smaller vessels arc almost invisible wlulc the mam 
vessels are reduced to mere threads as is shown in Rig 9 (right ear) 
Tho temperature of the ears is little if at all above that of the room 
It is of interest to note that though the bloodflow to tho ears is greatly 
reduced m the cold animal, it is not entirely' brought to a standstill 
Tins can be show'll easily by examining the car microscopically or by 
stripping the central artery with the fingers distnlly, when the blood 
will be seen slowly to fill the artery from below upwards The portion 
of the artery preyed on by the fingers dilates and remains dilated for 
a considerable tunc (sec a previous paper (13)) 

If the central artery of the blanched car is watched closely, it will 
be seen that, every now and again, a wave of slight relaxation passes 
slowly up the artciy It may appear m seicral parts of tho artery and 
not simultaneously m different parts The mechanism of these small 
movements is unknown, they may be due to slight alterations of 
sympathetic tone, they resemble the oscillations m calibre previously 
described (13) m vessels botli normal and denervated under tho mflucnco 
of adrenaline or histamine 

If now tho animal is slowly warmed up, the state of the vessels 
changes but little until the rectal temperature lias risen to about 3S 5° 
As tho rectal temperature approaches and passes this level, tho central 
nitcry relaxes at first slowly, then rapidly* and again slowly', tho smaller 
vessels follow suit and tho ear becomes flushed (Rig S, right car) Tlieso 
changes occur simultaneously jn botli ears and their temperatures rise 
in an S-shapcd curve, at first dcpaitmg slowly” from room temperature 
then quickly* and finally*, as rectal temporaturo continues to rise, coming 
to lie about 2°C below l octal temperature Rnrtlicr body* warming causes 
no appreciably* greater dilatation of tlio vessels, tlioy* remain ^steady in 
cabbie and tlio cai Icmperatmo runs parallel to and about 2°C below 
i octal tcmpcratuio It has boon pointed out by* Krogh (22) and by Giant 
and Bland (1 f) that at tins uppor rango of body tomperaturo, although 
tho main and small \csscls nio fully* rolaxed, the minuto vessels, thoug i 
dilated, arc not maximally* so In tho following pages, whon wo spea * 
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of the ear vessels as being fully relaxed by body warmth, this qualification 
must be borne in mind The flush of the ground tone can be deepened 
considerably m several ways, by local heat, faradism, mechanical stimulation, 
by reactive hyperasmia, various drugs and by antidromic sensory nerve 
stimulation The deepening of the ground tone produced by antidromic 
stimulation is shown m Fig 11 (left ear) When a hot animal is cooled, 
the vessels constrict m the reverse order, paling of the ground tone occurs 
first and constriction of the main vessels last The fall of ear temperature 
when a hot animal is slowly cooled is exemplified in Fig 1 (right ear) 
Although we have mentioned 38 5° as the rectal temperature at 
which the calibre of the vessels changes from constriction to dilatation 
or the reverse, according to whether the body is being warmed or cooled, 
we give that temperature only as an indication, it vanes considerably 
not only m different animals but also in the same ammal from time to 
time It is true to say that there is an upper level of rectal temperature, 
usually about 39°, above which the vessels are fully and steadily relaxed , 
the ammal is then in what we have previously termed the “ hot state ” 
(14) It is true also that there is a lower level, usually about 38°, below 
which the vessels are greatly constricted, the ammal being m the “ cold 
state ” Sometimes, however, the ear vessels are fully relaxed when 
rectal temperature is as low as 38° while on the other hand, full relaxation 
may not be attained until rectal temperature has nsen to 40° or over 
We have not so far determined the factors responsible for these vanations 
but we have found that m individual rabbits anaesthesia tends to lower, 
while operative procedures or periods of ill health raise, the level of body 
temperature at which the ears become flushed In the intermediate or 
“ reactive ” state, when the animal is neither hot nor cold, the vessels 
are unsteady in calibre, constricting or dilating according to whether 
the rectal temperature is falhng or rising Whether or not they would 
remain steady in calibre if rectal temperature could be maintained 
exactly constant at any one point in this intermediate range we do not 
know We have not been able readily to keep rectal temperature exactly 
constant and it has not been necessary for our purpose Another factor 
which interferes with the analysis of the relation of body temperature 
to vascular tone is that in this reactive state, and even when the rabbit 
is under luminal, the vessels seem to be unstable, and any sensory stimulus 
to the animal, such as a slight draught of air, or a small movement on 
the part of the animal itself, will cause a rapid and often considerable, 
though temporary change of calibre, usually m the direction of constriction 
Even when precautions are taken to screen the ammal from draughts, 
to cover the eyes and keep the room quiet, apparently spontaneous 
changes are apt to take place m the calibre of the vessels independent 
of the rectal temperature These changes are the less hable to occur the 
deeper the anesthesia They are conspicuous m the unamesthctised 
ammal So it happens that when the animal is neither hot nor cold 
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and an attempt is made to maintain the rectal temperature -within the 
range of a few tenths of a degree, the calibre of the ear vessels and the 
ear temperature are continually fluctuating So also when a rabbit is 
warmed or cooled slowly, the vessels do not usually pass smoothly from 
either full dilatation or constriction to full constriction or dilatation but 
undergo one or more fluctuations ns body temperature passes through 
the intermediate range In either the hot or cold state, the vessels 
remain steadily dilated or constricted (except for the minor oscillations 
already noted m the cold state) 

Effects of sensory stimuli We have now to consider the effects of 
sensory stimuli on the vessels, bod}' temperature being controlled These 
are best studied m the unnnrcsthctised rabbit We have said previously 
that relatively -weak sensory stimuli cause constriction and relatively 
strong ones dilatation Thus for example, a hand clapped on the rabbit’s 
back causes the car vessels to constrict , piercing the skin with a 
hypodermic needle also causes constriction, often followed by dilatation 
Dipping the hind foot into cold water constricts the car vessels, but 
if the water is ice cold, the constriction is followed by dilntation The 
effect of any stimulus, however, is modified to a certain extent by the 
rectal temperature These reflex effects are best seen m the intermediate 
range of body temperature, when the animal is neither hot nor cold 
If the vessels arc already well constricted bv low rectal temperature, 
sensory stimulation produces no obvious further constriction, and, the 
colder the animal, the more difficult it is to produco vasodilatation by 
stronger stimulation Also, if the rectal temperature is high and the 
vessels a heady fully dilated, mild stimuli produce no appreciable vascular 
effect, strong stimuli may cause a slight and evanescent constnction 
but the vessels do not subsequently relax beyond their original state 
The higher the lectal temperature, the more difficult it is to produce 
a reflex vasomotor effect We have also mentioned earlier that injury 
to the ears modifies to some extent their vascular reactions If one 
car is m part injured, for example bv scratching or by burning with 
barium paste, dilatation seems to be more readily provoked m that ear 
as a vi hole Thus when tho body is warmed this car flushes first and 
at a lower body tempeiature than the other car , it lags behind the 
other ear when constriction is produced by cooling the body, also, 
dilator reflex responses to sensor}’’ stimulations aro more easily elicited 
in the injured ear 

These then nrc tho chief factors normally conti oiling the state of 
tho car vessels and we may now pass on to considei tho effects of nerve 
section 

It may bo remarked m passing that these vasomotoi reactions m 
the rabbit nrc vciy much the same as in man In man tho vessels respond 
similnily to body temperature Anyone who has lccoidcd limb volume 
m man know s tho difficulty of obtaining either a steady base line, or 
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equal responses from apparently equal sensory stimuli The base line 
is unsteady when the subject is normally warm , it becomes steady if 
the subject is either hot or cold, but in these states the vasomotor 
responses to stimuli tend to be reduced A point of difference, and an 
important one, is that m man the spinal reflex response to sensory 
stimulation seems to be constrictor only , we have not seen dilator 
effects to correspond with those m the rabbit 

Vascular effects of denervation 

Goltz (12) first showed that after cutting vasomotor nerves m dogs, 
a state of moderate vascular tone remains , this tone later increases and 
becomes more equal to the original one This observation has been 
repeatedly confirmed Dale and Richards (9) showed that the vessels 
of the cat’s limb to which the nerves have been cut, after an initial 
loss of tone, rapidly acquire a new one They further showed that the 
denervated vessels acquire an increased sensitivity towards adrenaline 
and other drugs Grant and Bland (14) have noted the regain of tone 
in the vessels of the rabbit’s ear after section of the nerves 

To study the immediate effects of completely interrupting the 
sympathetic nerves to the ear vessels, it is sufficient to cut the cervical 
sympathetic cord and the vertebral ramus, an operation, which, as 
Dr Feldberg showed me, is easily performed from the front of the neck 
To prevent regeneration and so study the remote effects of nerve section, 
it is necessary to excise both the superior and the stellate sympathetic 
ganglia 

Immediate effects Immediately, and for some time, after cutting 
the sympathetic nerves or excising the ganglia, the vessels of the ear 
are widely dilated They no longer respond reflexly to sensory stimulation 
or to changes of body temperature The ear temperature, no matter 
whether the animal is hot or cold, hes about 2°C below rectal temperature, 
and its vessels remain steady m calibre whether the rabbit is active or 
at rest, nervous or quiet The loss of tone m the denervated vessels, 
however, is no more or no less than that m the vessels of the normal ear 
when the a mma l is hot , the denervated cannot then be distinguished by 
inspection from the normal ear and their temperatures are equal (Fig S) 
In both, the mam vessels and the smaller vessels seem to be fully dilated, 
the minute vessels are only partly dilated, the equally pink ground 
tone of the ears can be flushed much more in the ways already described 
Moreover, the freshly denervated vessels are no more sensitive to the 
action of various drugs than are those of the normal ear, the vessels 
of the normal ear being dilated by raising the body temperature We 
have tested repeatedly the effects of injecting intravenously adrenaline, 
histamine and pituitnn without detecting any difference in the vascular 
reactions of the two ears under these conditions The effects described 
above are a constant result of sympathetic nerve section and we have 
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demonstrated them to other -workers m the laboratory Tliey arc seen 
m both the nonnal rabbit and the rabbit asleep under luminal It may 
be remarked here that so far as vie know, there is no evidence for dilator 
fibres m the sympathetic nerves to the ear, and the dilatation resulting 
from bod}' vanning or reflexly from sensory stimulation is regarded as 
due entirely to the inhibition of constrictor fibres Recently, however, 
Burn (3) lias produced evidence for the presence of dilator fibres m the 
peripheral svmpnthetic nerves of the dog and Lewis and Pickcnng (27) 
for their existence in man The observations dcscubcd above indicate 
that, if there are dilator filnes in the sympathetic nerves to the rabbit’s 
cai, they can play but a small part in causing dilatation and that this 
must be due almost entirely to the inhibition of constrictor action Bor, 
it would be thought that if the dilatation from body warming, for example, 
is due not only to inhibition of constrictor, 1ml also to the stimulation 
of dilatoi fibres then section of the sympathetic nerves should result 
m a dilatation less in dcgicc than that due to body warming We have 
seen however that there is no appicemblc difference m the degree of 
dilatation produced m the two wavs Lewis and Pickering similarly 
failed to obtain decisive evidence foi dilator fibres m the cats car (27) 
Later effect *. The vessels of the denervated car do not long remain 
in their greatly dilated state, within a few hours they begin to show a 
regain of tone This continues for about .7 to 7 days, after winch time 
no further change takes place We shall consider now the state of tho 
vessels after tone Jins been regained fully and return later to the question 
of its onset and development (*ec p 15) 

In the first place, to say' that the vessels regain tone does not express 
fully the changes that take place It is true that tho vessels become 
less dilated than they were immediatclv after operation, but tins is not 
all The most striking thing is that the vessels regain reactivity and 
show great variations in tone At one time they' may be grcvtly dilated, 
almost as much as when the nerves were freshly' cut , at another, they 
may be greatly constricted like those of the normal car when the rabbit 
is cold In general, the denenated vessels como to react much liko thoso 
of tho normal car and icact similarly to similar stimuli, though tho changes 
of calibre happen more slowly than, and are not usually so great as, 
those of the normal vessels We have satisfied ourselves that tins regain 
of activity' is due ncithci to incomplete removal of tho sympathetic 
nerves nor to rapid regeneration Section of all the remaining (sensory) 
nerves makes no difference to this reactivity’, while post mortem dissection 
and histological examination fail to reveal any* connection of tlio nerves 
with tJio vessels AltJiougJi tlierc is a general parallelism between tho 
reactions of tJic two ears, tlic lolationship is not a strict one , by' suitably* 
altcnng tlie conditions under wlucli tho animal is observed, ono ear, 
cilJicr tJic normal or tlio denervated, may bo rendered palo while tho 
otjior is flushed Tho chief factor controlling tlio denervated vessels 
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seems to be activity of the animal, either muscular or nervous, activity 
tending to cause constriction, quiescence relaxation The parallelism 
between the reactions of the two ears happens because activity also 
stimulates the sympathetic nerves to the normal ear The differences 
between the reactions anse because body temperature, which is a chief 
controlling factor on the normal, has no appreciable effect on the 
denervated vessels except m so far as cold or warmth modifies activity 
The independence of the tone of the denervated vessels on body 
temperature is most readily displayed in the rabbit asleep under luminal 
Then, no matter whether body temperature is high or low, the denervated 



Fig 1 Babbit HN, 20/7/31, under luminal, 4 months after removal of left superior cervical 
and stellate ganglia Tlio rabbit, after being warmed was cooled slowlv The chart shows 
temperatures of the ears, rectum and room during the coobng The right normal ear is at 
first more flushed and warmer than the left , its temperature rides about 2° below rectal 
temperature It diverges from this slow lv from the 60th to the 105th min .rectal temperature 
having fallen a little more than 1° to 40° During the next 25 mins, the right ear becomes 
pale and cool and its \ essels greatlv constricted , thereafter its temperature approaches that 
of the room The temperature of the left sympatliectomiscd ear remains parallel to, and 
about 3° below that of the rectum , its vessels remain unchanged throughout 

ear is flushed, its vessels are dilated and its temperature lies 3 to 4° 
below rectal temperature , the state of the normal vessels depends on 
the body temperature as already described When this is sufficiently 
high to produce the maximum relaxation of the normal vessels obtainable 
in this way, it will be seen that those of the denervated ear are almost, 
but not quite, as dilated (Fig 10, left ear) The ground colour of the 
denervated ear is slightly but definitely paler, and the small vessels 
are less in evidence , the main vessels are little if at all narrower than 
the normal ones We have already pointed out that the vessels of a 
freshly denervated ear are m the same state as those of a normal one 
when the annual is hot, so that the comparison of the two ears m the 
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demonstrated them to other workers m tho laboratory They are seen 
in both the normal rabbit and the rabbit asleep under luminal It may 
be remarked here that so far as we know, there is no evidence for dilator 
fibres m the sympathetic nerves to the ear, and the dilatation resulting 
from body warming or reflexly from sensory stimulation is regarded as 
due entirely to the inhibition of constrictor fibres Recently however, 
Burn (3) has produced evidence for the presence of dilator fibres in the 
peripheral sympathetic nerves of the dog and Lewis and Pickering (27) 
foi their existence m man The observations described above indicate 
that, if there arc dilator fibres m the sympathetic nerves to the rabbit s 
ear, they can play but a small part m causing dilatation and that tins 
must be due almost entirely to the inhibition of constrictor action Bor, 
it would be thought that if the dilatation from body warming for example, 
is due not only to inhibition of constrictor, but also to tlie stimulation 
of dilatoi fibies then section of the sympathetic nerves should result 
in a dilatation less m degree than that due to body warming We have 
seen however, that there is no appreciable difference m the degree of 
dilatation produced m tlie two ways Lewis and Pickering similarly 
failed to obtain decisive evidence for dilator fibres m the eat s ear (27) 
Later effects Tlie vessels of the denervated ear do not long remain 
in tlicir greatly dilated state within a few hours they begin to show a 
regain of tone Tins continues for about 3 to 7 days, after wlucli time 
no furt hei change takes place We shall consider now the state of the 
vessels after tone has been regained fully and return later to the question 
of its onset and development ( sec p 13) 

In the first place, to say that the vessels regain tone does not express 
fully the changes that take place It is true that the vessels become 
less dilated than they were immediately after operation, but tins is not 
all Tlie most striking thing is that the vessels regain reactivity and 
show great variations in tone At one time they may be greatly dilated, 
almost as much as when tlie nerves were freshly cut , at another, they 
may be gieatly constucted like those of the normal car when the rabbit 
is cold In general, the denervated vessels come to react much hke those 
of the normal car and react similailv to similar stimuli, though the changes 
of calibre happen nioro slowly than, and are not usually so great as, 
those of the normal vessels We have satisfied ourselves that this regain 
of activity is due lieithci to incomplete removal of the sympathetic 
nerves nor to rapid regeneration Section of all the remaining (sensory) 
nerves makes no difference to this reactivity, while post mortem dissection 
and Justological examination fail to reveal any connection of the nerves 
with the vessels Although there is a general parallelism between tie 
reactions of the two ears, the relationship is not a strict one , by suitab v 
altering the conditions under winch the animal is observed one ear, 
cither tlie normal or tho denervated, may be rendered pale while t o 
other is flushed Tho chief factor controlling the denervated vesse 
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seems to be activity of the animal, either muscular or nervous, activity 
tending to cause constriction, quiescence relaxation The parallelism 
between the reactions of the two ears happens because activity also 
stimulates the sympathetic nerves to the normal ear The differences 
between the reactions anse because body temperature, which is a chief 
controlling factor on the normal, has no appreciable effect on the 
denervated vessels except m so far as cold or warmth modifies activity 
The independence of the tone of the denervated vessels on body 
temperature is most readily displayed in the rabbit asleep under luminal 
Then, no matter whether body temperature is high or low, the denervated 



Fig 1 Babbit HN, 20/7/31, under luminal, 4 months after removal of left superior cervical 
and stellate ganglia Tho rabbit, after being warmed, was cooled slowlv The chart shows 
tcmporatures of tho cam, rectum and room during the cooling The nght normal ear is at 
first morn flushed and warmer than the left , its temperature rides about 2° below rectal 
temperature It div ergrs from this slow lv from the 50th to the 105th min , rectal temperature 
hating fallen a little more than 1° to 40® During the next 25 nuns, the right ear becomes 
palo and cool and its tessols greatly constricted , thereafter its temperature approaches that 
of tho room Tho temperature of tho left sympatliectomised ear remains parallel to, and 
about 3“ bolow that of tho rectum , its vessels remain unchanged throughout 

car is flushed, its vessels are dilated and its temperature lies 3 to 4° 
below rectal temperature , the state of the normal vessels depends on 
tho body temperature ns already desenbed When this is sufficiently 
high to produce the maximum relaxation of the normal vessels obtainable 
in this 5\ay, it will be seen that those of tho denervated ear aTe almost, 
hut not quite, ns dilated (Fig 10, left ear) The ground colour of the 
denervated ear is slightly but definitely paler, and the small vessels 
arc loss in evidence , the mam vessels are bttle if at all narrower than 
tho normal ones Wo have already pointed out that the \ css els of a 
freshly denervated car arc m the same state as those of a normal one 
when the nmmnl is hot, so that the comparison of the two ears in the 
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present ease shows how little the regain of tone is , we shall return to 
tins point later (p 14) To continue when body temperature is lowered, 
the normal vessels constrict and normal ear temperature fa lls to that 
of the room The denervated ear remains unchanged m appearance and 
its temperature continues parallel to rectal temperature (Fig 1) The* 
same things can be shown in the unanresthetised rabbit, provided that 
a suitable animal is chosen Thus, if we take a rabbit of placid disposition 
and well used to handling, and which has been moving about for some 
time m a cool room, it will be found that the ear vessels aie constricted 
Both ears are equally pale and cold, and the visible vessels of the 
denervated side are little if at all larger than the normal ones If now 
the rabbit is placed on the unheated copper bath, then, provided that 



Fig 2 Rabbit MN, 24 '10/33, 15 days after romo\ al of left superior corvical nnd stellate gnnglm 
Rabbit observed on coppor Iwvth, un warmed Tho chart records ear temperature Tlie 
animal sat quiotly excopt at tho times indicated on tho chart The left ear vessels, at first 
constricted, slowly relaxed , relaxation was interrupted and replaced temporarily by con- 
striction when tho animal moved, onr temperature falling The right ear vessels varied in 
calibre an shown bj tho fluctuations of tomporaturc At 58 mm the rabbit was placed on tho 
floor, hold by ono bind leg so that it struggled and was then quichlj replnced on the bntli 
Both cars were then pnlo Tho right oar quichlv flushed nnd then pnled again Tho left 
car vessels constricted furtlior for 2 min then relaxed and remained so 

it sits quietly and is undisturbed, the denervated vessels slowly relax 
wlulo tho normal ones remain constricted When the animal is warmed, 
tho normal vessels also relax and ultimately become a little more 
relaxed titan those of the denervated ear Cooling again narrows the 
normal vessels, but leaves tho denervated ones unchanged 

It is clear from these observations that the tone of the denervated 
vessels is mdepondent of tho body temperature A point of some importance 
is that tho denorvated vessels do not relax smoothly Relaxation takes 
place by a series of oscillations, tho vessels relax slightly then constrict 
again a little , they relax a little moie and again constrict a little , and 
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so on until relaxation is complete when the oscillations cease The 
significance of these oscillations is discussed later (p 14) 

We come now to the effects of nervous and muscular activity on 
the denervated vessels If m the experiment just described on the 
unanassthetised animal, the rabbit moves after the denervated vessels 
have begun to relax, then relaxation ceases and they constrict They 
constrict to a less degree and more slowly than the normal ones When 
the rabbit once more becomes quiet, the denervated vessels, after a pause, 
once more begin to relax The same tlung happens if a quiet animal 
is startled Moreover, if the animal chosen for the experiment is nervous, 
the denervated vessels remain constricted (Fig 4, p 18) unless and until 
the rabbit settles down to rest quietly, when they relax slowly The 
degree of relaxation obtained depends on how quiet the animal is 
Sometimes the vessels dilate but sbghtly and it is only in an animal 
that itself relaxes and becomes drowsy that the denervated vessels dilate 
to the same degree as they do when the rabbit is under the influence 
of luminal Even under luminal, sensory stimulation, by repeatedly 
pinching or pricking the skin, will cause constriction of the denenated 
vessels which is the greater the more the animal struggles These 
observations are exemplified m Fig 2 

DlSCUSSlOX 

In a previous paper (14) it was remarked that it seemed possible 
that the smaller calibre of the denervated vessels during bodilj activity 
and after fnght might be due to the release of adrenabne, which is 
believed to occur under these conditions, and that the loss of tone w lien 
the animal is at rest or under luminal might be due to a decrease m 
the amount of circulating adrenabne These remarks Mere applied to 
the totally denervated ear, but as regards regain of tone and the phenomena 
associated with it, the vessels deprived of all their nenes do not differ 
from those deprived of tlieir sympathetic supplj alone In two rabbits 
mc excised the sympathetic ganglia on one side and at the same time 
totally denervated the other ear In both rabbits the -vessels of the 
tno ears behaved alike subsequent!}' Dale and Richards (')) Imc shown 
that the denervated vessels of the cat’s limb acquire an mere i c ed 
responsiveness to chemical stimuli of all kinds and tJiev suggested tint 
the regain of tone might be accounted for h\ tins increased rc=pon=iv cnc'= 
to adrenabne The} discarded this suggestion on the ground that in 
the cat small doses of adrenaline produce not constriction b»* ddat ition 
More recently Dale (S) has remarked that while formerh 
of tone in denervated vessels might be attributed to the « 
vasomotor hormones m previously ineffective concentritu 
experiments seem to have cut us off from recourse to t 
cxpl mation We shall return to tin** point liter Xow n 
we have not been able to find that adrenihnc liv- anv acti<j 
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a consfcncfcoi one on the ear vessels, and it seems to us that the phenomena 
described m the foregoing pages could be accounted for entirely by an 
adrenahne-hke substance circulating m the blood stieam, together with 
an increased sensitivity of the deneivatod vessels to its action Further 
obseivation has shown that, as m tho cat’s limb, so m the rabbit’s ear, 
the deneivated vessels become more responsive to various stimuli 

Increased lesponstveness of denenated tesseh To compare the 
iesj onsiveness of the noimal and deneivatod cais to various stimuli, 
it is nccessaiy to have the vessels as far as possible m a stable condition 
and of equal calibie on the two sides We have therefore not tested 
the effects of dilator stimuli, since it is only when the animal is at rest 
and warm that these conditions are satisfied, and m tins state the vessels 
of both ears aie already almost fully dilated We have tested repeatedly 
the effects of adrenaline, pitmtnn, histamine and crgotoxme* on tho 
unamcsthetiscd rabbit by subcutaneous injection and m tho rabbit under 
luminal by mtiavenous injection To all these substances and m tho 
normal and the anaesthetised rabbit the deneivated vessels respond much 
moie stiongly than the normal ones With suitable dosage the deneivated 
vessels can be consideiably constricted while there is no appreciable 
change on the normal side Tiieso substances produce effects equal m 
the two cais before and immediately after nerve section, the increased 
effect on the denervated side is only fully displayed after tone has been 
regained fully” 

The following observations exemplify the increased responsiveness 
of tho denervated vessels m a rabbit under luminal and after tone has 
been fully regained Tho intravenous injection of 0 0001 mg of adrenaline 
had no appiecmble effect on the normal vessels but, m the denervated 
ear, caused paling of the giound tone and slight but definite constriction 
of the smallei and the mam vessels, the whole effect lasting about two 
minutes The injection of 0 001 mg adrenaline produced only a shght 
paling of tho giound tone of tho noimal ear, but great paling of the 
giound tone, gieat constriction of the small vessels and moderate constriction 
of the mam vessels on the denervated side, tho whole effect lasting about 
foui minutes When hislammc is injected, tho minute vessels dilate while 
the aiterics contract In tho same labbit the injection of 0 001 mg 
neutialised histamine acid phosphato produced fluslung of the ground 
tone but no appreciable effect on tho visible vessels of the noimal side 
On the denervated side, however, it caused not only fluslung of the ground 
tono but also shght narrowing of tho visible vessels The injection of 
0 01 mg pioduccd a correspondingly greater effect on both sides Tho 
difference m the response of tho tw'o cars is as striking m the case of 
both pitmtnn and crgotoxme 


* According to Dnlo (7) orgot has no constrictor effect on tho rabbit’s \ ^ o find that 

both liquid extract of ergot and orgotoMiio s trough constrict the \ cssols of both tho normal ni 
tho denorvated ear , these obsen ntions, undertaken from a different point of i icw, w ill bo repo 
elsewhere 
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The denervated vessels are more responsive not only to chemical 
stimuli, but they also react more strongly to other forms of stimulation 
Thus local faradisation of the central artery produces a more intense 
and longer lasting constriction on the denervated side Again, when 
the ears are immersed in cold water or when a draught of air is blown 
across them, the constriction of the denervated vessels is obviously the 
greater and the longer lasting It is to be remembered m all these 
observations, that the rectal temperature must be maintained sufficiently 
high to inhibit the sympathetic nerves, otherwise the normal vessels may 
respond vigorously 

It seems clear, then, that the denervated vessels of the rabbit’s 
ear acquire greatly enhanced responsiveness to constrictor stimuh of various 
kinds Dale and Richards (9) take this enhancement to mean that the 
reactivity of the normally innervated vessels is restricted by the effect 
of tome impulses from the nerve centres , only when these are cut off, 
and when the stimuli aroused by nerve section and by the processes of 
degeneration have passed off, can the contractile elements exhibit their 
unhampered response to these drugs We shall return to this point 
at a later stage (p 19), and we may now consider the question of a 
possible dilator effect of adrenabne m minute doses 

Effect of adrenaline in minute doses So far as we know, the only 
evidence for dilatation produced by adrenabne in the rabbit’s ear is 
that of the Meltzers (29) They observed a preliminary constriction 
followed by dilatation of the ear vessels when small doses of adrenaline 
were injected into the ear vein It seems to us, however, that the va^cul lr 
reactions observed by them are the usual ones to expect from the stimulus 
of injection We have pointed out that dilatation preceded bi constriction 
is the usual result of relatively strong sensory stimuh and when care is 
taken to avoid sensory stimulation during injection, adrenabne docs not 
cause dilatation We have repeatedly observed the effects of small doses 
of adrenabne m both normal and denervated ears in all states of vascu ar 
tone, and the minimum effective doses have caused onh constriction 
and neicr dilatation This is in agreement with riatow (10) am wit • 
Clark (6) uho found that men in the cat, the smallest cffcctuc amount 
of adrenaline always produces a diminished flow of bloo t irons 1 tic 
skin Wo may add also, in the rabbit’s car, wc lia\c failed to rcitr-n 
the constrictor effect of adrenabne by ergot o vine 
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of tone, for we Jin re seen that under suitable conditions of quietude 
and muscular relaxation the tone of the long denervated vessels may 
be almost as Ion as it is immediately after nerve section We may note 
here that the oscillations of the mam vessels as these relax after being 
constricted can readilv be interpreted as due to a diminishing concentration 
of the adrcnaline-likc substance Similar oscillations are seen m the 


arteries after the local application of adrenaline and other constrictor 
substances as is described in an earlier paper (13, see also 14). Two 
points, however remain for further discussion We have noted that 
the vessels of the deneneted ear are abnormally sensitive not onlv to 
chemical stimuli but also to the application of cold , it mar be that 
thev are likewise abnormally sensitive to changes of blood pressure We 
must therefore inquire what part these factors play m the reactions of 
the denervated \essels, for when the rabbit struggles or moves it moves 
its ears through the air and activity is associated with changes of blood 
pressure That the reactions of the denervated vessels are mainly 
independent of both these factors is clearly shown by the Mowing 
observation which we have made repeatedly 

A rabbit with one car denervated at least a week before, is placed 
on the copper bath, warmed and left undisturbed until the vessels are 
fullv relaxed The blood pressure is estimated in the normal central 
arterv The rabbit is next placed on the floor and held by one hind 
leg so that it struggles, for a half or one minute It is then quickly 
replaced on the bath and blood pressure is estimated at intervals When 
the rabbit struegles, the normal vessels constrict at once and re ax again 
as coon as the mo\emcnts cease The denervated vessels constrict more 
don hr, thev go on constricting for n short time after the 
and then, as the animal settles down quietly, slowdy reins ^ 

is found to be raised bv 10 or io mm Hg at the end of the .trugg e , 
it returns gradually to its previous level as the denervated ve^e 

om ^observations ... winch the rabbit was confined mawoota 
box, we frequently noted a momentary flashing 

as the annual began to struggle ... the box, the - ? Hv 

due to a sudden rise of blood pressure Tins flush, ^ever q 
replaced by pallor as strnggbng continued 

blood pressure of a rabbit resting quiet h and with h , ^ ert 

relaxed, is about 10 mm Hg lower than when 

and nervous with the denervated vessels cornmctcd Aga^, ^ 
observation ]..st described is repeated with the i e. ^ moreme nt 

wool during the struggle, to prevent them ^ « unaltered But, 
through tlio air, the subsequent ™seutar mcho^ ‘ ment of the 

while it is clear that alterations of blood pressme or ltera , iras 

ears through the aw are not in the mam replete tte^ ^ ^ 

of the tone of the denervated vesse s, . p or example, when 

extent by the temperature of the surrounding air. 
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a rabbit is put to rest with the denervated vessels constricted, the\ relax 
more readily m a warm than m a cold room Also, if the’ denervated 
vessels have been strongly constricted for some time and ear temperature 
has fallen to that of the room, then when the rabbit becomes quiet, 
relaxation may be long delayed It can be hastened by warming the 
ears, for example, by laying them along the ammal’s bach, and when 
the ears are re-exposed the denervated vessels remain relaxed (Fig 3) 



Fig 3 Rabbit HV, 4/4/32 0 months after sv mpathctic denervation of left car The rabbit 
had been moving about tho room (temperature 18 5°) for linlf an hour \ easels of right 
normal car van ing in calibro , those of the left denervated car grcatlv constricted Vmmnl 
observed on tlio copper bath unwarmed it sat quictlv moving onlv occasional!! T1 o 
ear temperatures are recorded in tho chart Tho vessels of the right ear continued to van 
in calibre ear temperature fluctuating Tho left ear vessels remained constricted and its 
temperature low Between 76 and 00 min the ears worn warmed bv lnvmg them along tl e 
animals hack under tho cloth covering On ro-ccposuro tho left tar remained nnrm and 
its vessels dilated Between 122 and 134 mm, room temperature having n cn to 2/*’ 
tho cars wero exposed to a draught of a fan When the fan was stopped both car- were 
pnlo and cold Tho right ear remained so the left ear soon re flushed and n launcj ,o 
Between 133 and 148 mm , tho rabbit was allowed to run about tho room and nav then 
replaced on tho copper bath Tho right ear hod become flushed the hit pair mid re Id 
Tho ears remained unchanged until the end of the ob ervation at l~u inin 
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stated that a slight pahng of the ground tone (as compared with that 
o the fully flushed normal ear) can be recognised two hours after nerve 
section, while after 18 hours the ground tone is definitely paler and the 
larger vessels are reduced m size Further observation has shown that 
the earliest time at which the regain of tone can be recognised depends 
on the state of the animal after operation , the regain is displayed sooner 
m an active than m a quiet rabbit Thus, if the operation is done under 
open ether only and the rabbit recovers quickly and moves about, then 
the regain of tone can be seen m about two hours as a just perceptible 
pahng of the ground tone of the denervated as compared with the normal 
ear when this is fully flushed On the other hand, if the animal is in 
addition under the influence of luminal and remains sleeping quietly 
after the operation, then the regain of tone is inappreciable till considerably 
later How much later, depends on the state of the normal ear If the 
normal ear is kept flushed continuously by body warming (and not only 
flushed at intervals to compare it with the denervated ear) it, too, may 
show a slight increase of tone which interferes with the recognition of 
the early stages of its onset in the denervated ear The denervated ear, 
however, regains tone faster than the normal and the difference between 
the two can be recogmsed clearly about 24 hours after operation Now, 
although m the rabbit under luminal the regain of tone appears to be 
delayed, yet an early increased responsiveness of the vessels to adrenaline 
can be recognised For example, m one rabbit under luminal there was 
no appreciable difference m the appearance of the normal and denervated 
ears about five hours after operation but the denervated vessels responded 
more strongly to the intravenous injection of adrenaline The meaning 
of the apparent variation m the time of the earliest recognisable regain 
of tone now seems clear The tone of the denervated vessels depends 
on the concentration of the constrictor substance m the blood and on 
the responsiveness of the vessels to its action, which increases gradually 
after nerve section So that the denervated vessels will acquire sufficient 
tone to be recogmsably more constricted than those of the normal flushed 
ear earlier m an active (more substance, less responsive vessels) than m 
a quiet rabbit (less substance, more responsive vessels) 

The responsiveness of the denervated vessels continues to increase 
for about a week We have demonstrated this repeatedly by denervatmg first 
one and later the other ear The difference between the two ears, at first 
striking, gradually lessens and disappears after five to seven days After 
this time, no further increase takes place as a general rule In our previous 
paper we said that we suspected that there is a further and gradual 
increase of tone so that the denervated ear tends ultimately to become 
pale and cool, remai nin g so even when the animal is at rest or under 
luminaL Further observation has shown, however, that this occurs only 
exceptionally , we have seen it m but one rabbit that remained m good 
health The left superior cervical and stellate ganglia were excised from 
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tlus rabbit m March, 1931, and until after April, 1032, the vessels of the left 
ear shoved the usual plicnomona associated with denervation The rabbit 
was not examined again until September, 1032 It was then found that 
the denerv ated vessels remained greatly constricted They would relax 
when the enr was warmed but quickly narrowed again when the cars 
were re exposed to room air It was finally examined under luminal 
on 2G/9/32 and again the dener rated vessels remained constricted Tho 
rabbit did not recover from the luminal and was found dead in the morning 
of 28/0/32 Nothing unusual was found at autopsy and miscroBcopic 
examination of the car vessels shoved no difference between those of 
the two ears Wo have watched at least three other rabbits for periods 
longer than six months after denervation (9, 13 and 15 months), but 
in these no further change took place in the vascular reactions after the 
first week We have, however, occasionally seen a dominated car become 
paler than wc should expect and in which the vessels relaxed but slightly 
or not at all under the appropriate conditions Wo have seen this after 
operations from which the animal did not recover completely for a day 
or two , wc have seen it also with periods of ill-health , such as diarrhoea 
It is significant that m these conditions tho normal vessels are also nffectcd, 
the level of rectal temperature at which tho normal vessels relax is raised 
and when full relaxation is obtained the ground tone remains paler than 
usual The observations scorn to point to unusually high concentration 
of the ndrcnahnc-hho substnneo m the circulating blood, this leading to 
unusually high tone m the normnl and denermted vc^cls, and tending 
to interfere with tho relaxation of tho normnl vessels m response to 
sympathetic inhibition A similar increase of vascular tone and riso m 
tho Iovcl of rectal Icmpcratmc ncccssaiy to flu'Ji the normnl car can 
bo brought about by injecting adicnahnc subcutaneously Our observations 
on theso points arc not complete and wc will not pursue thorn further 
here, wc may say, however, that they suggest that this adrenaline like 
substance plnjB some pari m maintaining normal vascular tono and in 
rcgulnlmg body temperature 

Wc nro left now with two main problems to discuss, namely', what 
is tho sourco of tho adrenaline like substnneo and what ib tho nnlmo of 
tho increased responsiveness of tho doncrv.itcd vessels Wo shall consider 
each m turn 


The source of (he (ulrcmhne-blc substance 

Wo have not ycl been able to tiaco tho sourco of this subslanco , 
our observations show, however, that it comes licithci from the supraronnl 
glands nor tho pituitary body' In five rabbits wo Jiavo excised tho suponoi 
cervical and stellate ganglia on ono sido and, aftor vascular reactivity 
had been fully established, wo have removed first one and, a wcok la tor, 
tho other ndienal Those animals all recovered quickly' and vvoll from 
the operations , two died, ono on tho sixth, tho othor on tho sov with day. 
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the others were killed on the 2nd, 3rd and 28th days after removing the 
second adrenal In none of them was any change seen m the reactions 
of either the normal or denervated ear vessels (Figs 4 and 5) Dr Oliver 
Cope, of Boston, USA, who was then working at the National Institute 
for Medical Research, very kindly helped us by removing the intrasellar 


0 2 4 6 6 10 12 14 16 IB 20 22 24 26 28 30 32 34 36 M.ns 



Fig 4 Babbit MO, 31/10/33, 27 days after removal of left superior cervical and stellate ganglia , 
7 days after excision of right, and 1 day after excision of the left adrenal The animal has 
recovered well Ohserved on copper bath and warmed , it remained scared and rather restless 

throughout the observation Ear temperatures are recorded in the chart The right normal 
ear flushed and paled repeatedly until the rabbit was sufficiently warm when it remained 
steaddy flushed The left denervated ear remained pale and cold throughout 
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Fig 6 


■n 4. tin ah i /ay ft davs after the observation summarised m Fig 4 
Babbrt MO 6/11/33, 6 days atter tn ^ ^ BCared an d restless , 

- ■“> SSSfm Slna before the observation recorded » Fig 6 

given a small dose of luminal to qmeteatt, on ^ copper bath m4 warmed 

TOe animal now quiet, and ^ ear „ warm The nght ear, at first pale 


The annual now uiuei, uwvmg ^ ~ 

The vessels of the left ear are well relaxed and the ear is warm 
and cold, becomes more flushed and warmer than the left 

te°a e rir n iB nr „ t *« «* - 



VASCULAR REACTION, RABBIT’S EAR 


19 


detect any alteration m either the normal or the denervated ears In the 
rabbit winch survived for a month, we wore able also to excise both 
adrenals and it lived for 7 days after the removal of the second gland 
Again, ire could detect no change m the vessels All these animals were 
examined after death In those m which the adrenals had been removed 
no trace of the glands or of accessory bodies was found In all those 
m winch the intrasellar pituitary body was excised, this was found to 
be entirely wanting Further, a block of tissue was removed from the 
base of the brain m each one and examined m serial sections , a minute 
remnant of pituitary tissue was found attached to the base of tho brain 
only in the rabbit which bred the month These observations seem to 
exclude definitely the adrenals and the pituitary body as the source 
of the unknown substance 

Another possibility is that the unknown vasoconstrictor substance 
may be sjunpatlnn which, according to Cannon and Jus associates (6), 
is liberated into tjie blood stream from smooth muscle when tins is 
stimulated tlirougli tho sympathetic nerves Tins, lion over, 6eems unlikely 
for, as Cannon and Bacq (5) and Butler and Garroy (4) found, vascular 
tone is regained and maintained m animals after complete sj mpathcctomy 
Butler and Garrcy (4) note they were unable to obtain a free flow of blood 
from skm punctures m sjunpatheotomised dogs and that m one dog the 
ears wore pale and cool and that tlieso did not redden or become warm 
even after exercise sufficient to produce 60vcre pnntmg ns is tho case 
in normal dogs Other possible sources of vasoconstrictor substances 
are mentioned by Dale (8) hut as i\o have no evidence to bnng forward 
wo may leave this point without further discussion 

The nature of increased rcsponsncncss 

Let us first turn to tho view expressed by Dnlo and Richards (9), 
based on their observations on the cat’s limb, that this enhancement 
means that tho reactivity of normally innervated % easels is restricted 
by tho offcot of tonic impulses from tho nerve centres , only when these 
are cut off and when the stimuli aroused by neno section and by tho 
processes of degeneration Jiavo passed off, can tho contractilo olomonts 
exhibit their unhampered responses to various stimuli Now, m tho 
present case, wo need consider only tho sympathetic nerves, smeo wo 
have seen that tho sensory nerves piny no part m tho dov olopmont of 
tho increased responsiveness Tho recent work of Adrian (1) shows that, 
except m sensory norves, and in them only for a short tune, no stimuli 
can bo detected cleotncally in tho peripheral portions of out nerves , 
wo can therefore put asido stimuli nroused by nerve section It is possiblo 
howover that vaso-activo substances might bo released from degenerating 
nerve fibres , tho gradual development of onhnnood responsivoncss over 
a period of days suggests that it is in somo way associated with the 
processes of degeneration, To tost tins point, wo have m five rabbits out 
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the thoracic sympathetic cord centrally to the stellate ganglion and 
compared the vascular changes in the corresponding ear with those m 
the other ear, before and after extirpating the ganglia Section of the 
thoracic sympathetic cord is easily accomplished by excising a portion 
of the second nb near the spinal column and opening the pleura , the 
cord is then found embedded m fatty tissue immediately beneath the 
wound The results have been the same in all five rabbits Immediately 
after preganglionic section, the ear vessels are fully relaxed like those 
of a normal ear when the rabbit is hot or when the ganglia are excised 
As m the last case, they no longer respond to changes of body temperature 
They also in the course of 5 to 7 days acquire an enhanced responsiveness 
This, however, is not so great as when the ganglia are removed (Fig 6) , 



Adrenaline 

Fig 0 Babbit OQ, 20/9/34, under luminal, 3 months after removal of right superior cervical 
and stellate ganglia and section of left thoracic sympathetic cord below stellate ganglion 
Babbit observed on the copper bath Chart shows the effect on ear temperature of 3 
intravenous injections of adrenaline The right ear vessels react more strongly than those 
of the left and temperature falls lower 


the vessels respond more vigorously than normally innervated vessels 
but less vigorously than vessels entirely deprived of their sympathetic 
nerves That the postganglionic fibres remain intact is shown by stimulating 
the sympathetic nerves faradically, when the ear vessels constrict strongly 
Ass u ming the correctness of the generally accepted view that all nerve 
fibres m the cervical sympathetic have cell stations in either the steUa e 
or the superior cervical ganglion, a view which is based on the assumption 
that all the fibres are constrictor m nature, then the above observ tio 
seem to show clearly that enhanced responsiveness is not the result of 
nerve degeneration If We are to believe that the increased reae m y 
represents the unhampered response of the vessels, we seem forced to 
the conclusion that it is due only to the removal of tome impulses norma ly 
playing on the vessels But it is difficult to see why the removal of 
constrictor impulses alone should render the vessels more responsive to 
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constrictor stimuli, and ive would have to suppose the removal of dilator 
impulses as well This, m fact, would bo the obvious conclusion if the 
full regain of tone or increased responsiveness appeared immediately 
after nerve section To account for its gradual development by the 
interruption of dilator fibres leads to other assumptions and difficulties 
which we may leave undiscussed There is, however, another way in 
which we might imagine a gradual loss of dilator influences to occur 
It might be that the continued hypenemia, by washing away, reduces 
the concentration of the normal dilator substances m the tissues of the 
ear , Lewis (23) advanced tins view to account for the pallor w luch tends 
to follow increased bloodflow to areas of the human skin If this is so, 
then long continued lij’pencmia caused, for example, by maintaining 
the body warm should also produce a regain of tone m the vessels 
supplying the pait When a normal ear is kept flushed m this way, 
there may be slight regain of tone but the regain is clearly surpassed 
by that developing in the denorvated vessels (aftei about 2 ± hours) , 
we cannot therefore m this way account for the increased responsiveness 
of the denervated vessels 

The views so far discussed assume that the muscle fibres of the 
vessels are themselves unaltered and that the stato of tone of these fibres 
is the result of the various chemical influences, or in othci words, on the 
relative amounts of constrictor and dilator substnnees acting on them 
Another and different point of view remains to bo considoicd It may 
bo that the sympathetic neries contain fibres winch exert a trophic 
influence on the smooth muscle of the vessels, and that the interruption 
of these fibres leads to an enhanced responsiveness perhaps, for example, 
by rendering the muscle fibres more permeable to chemical substances 
or perhaps by interfering with the mechanism rendering stimulating 
bodies inert, and so allowing them to produce a grcatci effect From tho 
point of view of trophic influences wo may consider bucfly other effects 
of denervation on the tissues of tho cars 

Oilier effects of dencrialwn It is now becoming more clearly recognised 
that many of tho changes seen m donorvated limbs, and in tho post 
ascribed to tho interruption of trophic noivo fibres, aro in reality secondoiy 
effects of loss of sensation or movement (Conlcmporaiy observations 
m this laboratory, see also (17)) From this point of view r , tho inbbit’s 
ear is particularly well suited for observations, it can bo deprived of 
its nerve supply without disturbing motor function and it is not liablo 
to injury if tho animals aro kept m sepaiato cages We have kept many 
rabbits with one ear deprived of either all its norves oi of its sympathetic 
nerves only undor observation for tJirco months and a number for longer 
periods, up to a yoar and a half In none of thoso animals have wo 
dotected any difference between tho offocts of sympathectomy and total 
denervation and wo Jiavo not seen any “ trophic ” offocts that cannot 
reasonably bo attributed to alterations m the blood supply to tho oai 
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Thus, usually, the denervated ear becomes a little more scurfy and the 
hair grows faster on it than on the normal side, both of which effects 
are most likely due to the average higher temperature of the denervated 
ear (from increased bloodflow through it) stimulating the epithelial tissues 
to increased growth (Fig 12) It is presumed that, under the quiet 
and confined conditions of a cool animal house, the average temperature 
of the denervated ear is higher than that of the normal We have never 
seen “ trophic ” ulceration of the denervated ear and, m fact, injuries 
caused intentionally by cutting, burning and chemically, heal just as well 
and as quickly as, and sometimes more quickly than, similar injuries 
on the normal ear We have noticed also, that the hair immediately 
around these injuries grows more quickly than elsewhere on the denervated 
ear In young rabbits, denervation does not interfere with the growth 
of the ears, though we have not found, as have Hams and Wnght (16), 
that it leads to increased growth m length (observations on rune rabbits) 
We have failed to detect any structural ohange in the blood vessels as 
a result of denervation, although we have looked for the medial and 
mtimal changes described by other workers* (19, 21, 32) Lastly, we 
have found that even in the denervated adult ear, by ligating the mam 
artenes, the blood vessels can be stimulated to new growth to form a 
collateral supply just as well and as quickly as m the normal ear 
Nothnagel (30) also found that denervation in no way hindered the 
development of collateral circulation in the rabbit’s leg These observations, 
then, b ring no evidence to support the idea of a direct trophic influence 
of the nerves on the vessels or other tissues of the ear 

Before leaving unsolved this question of the enhanced responsiveness 
of "the denervated vessels attention may be drawn to the corresponding 
case of the pupil of the eye In the rabbit and cat, after section of the 
cervical sympathetic cord, the dilator muscle of the pupil becomes 
abnormally sensitive to the action of adrenaline (28) and under conditions 
of excitement and asphyxia, eto , the paralysed dilator is stimulated 
to contract and becomes larger than the normal It has long been known 
(2) that this paradoxical dilatation is increased by removing the superior 
cervical ganglion So far, the changes m the eye are closely parallel 
with those in the ear but Kellaway (20) has shown that removal of the 
adrenals prevents the paradoxical dilatation after asphyxia in the oat, 
except as a residual effeot after very severe asphyxia , we have seen 
that the constriction of the denervated vessels remains -unchanged m 
the rabbit Other instances are known of a heightened responsiveness 
of smooth muscle to adrenaline after denervation and Cannon and Bacq (5) 
suggest that it may be due to an accumulation of sympathm withm the 

idle cells 


* We have also exammed vessels of all sizes from the forehnfbs °fthreecats mwhicli oneforeleg 
had been deprived of its syropatbetio supply by Harris and ^dea 

previously We could detect no difference between the vessels of the two sides 
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Concluding besiakks 

Little is known about the vascular effects of denervation in man 
It is known that after nerve section there is an initial loss and a gradual 
regain of tone, and recently Freeman, Smithwick and White (11) have shown 
that human vessels deprived of their sympathetic Bupply are abnormally 
sensitive to the action of adrenaline It remains to be determined if 
the other phenomena witnessed m the rabbit are paralleled m the human 
subject It has been shown previously that there are differences in the 
vascular mechamsms in the rabbit and man Thus, the local axon reflex 
is much less distinct m the rabbit* (13) , there are apparent differences 
m the mechanism of the reaction to cold (14) Again, in the rabbit, 
sensory denervation does not alter the effects of sympathetic denervation, 
yet m man it would seem that a hmb deprived of its sympathetic supply 
only tends to remain warm but if a mixed nerve is cut, the hmb tends 
to become cold (2fi) Whether this is an effect of sensory denervation 
or whether it is the result of paralysis of the voluntary muscles remains 
undetermined 

The enhanced responsiveness of the denervated vessels is not only 
of physiological interest but has a bearing on the diseases of the peripheral 
vessels in man The recent work of Lewis (24) has shown that the 
Raynaud phenomenon is duo to a local fault of the vessels , they are 
abnormally sensitive to the local action of cold The nature of tins 
fault is unknown , it appears to be associated, in its severer manifestations 
at least, with local structural changes of tJio vessel wall, but whether 
as a result or a cause is undetermined If local disease precedes the 
Raynaud phenomenon the latter may be the result of local interference 
with the nerves of the vessel 

The observations on the rabbit also suggest that the occurrence 
of Raynaud attacks in man after sympathectomy may be duo, at least 
in part, to a circulating adronaline-hko substance which, as wo have seen 
m the rabbit, is released under conditions of nervous stimulation Further, 
if the phenomena of tho regain of tone are the same in man as m the 
rabbit, then it would seem that when operative measures aro undertaken 
for the rehef of peripheral vascular disease, preganglionic section is 
preferable to ganglioncctomy, thus reducing tho subsequent reactivity of 
the vessels 


* Although tho local nxon roflox olicitcd by local mechanical or chemical stimulation 
(including lnstnmino) is vorj limited in its extent, a conspicuous and widespread flush can bo 
produced by local faradisation Asinman (SOJ.fnmdismisoxcoptionalmtliatitiscnst to produco 
a conspicuous flare with little or no whoahng of tho skin Wo ha\o ovidonco for tho rabbit that 
tho flushing produeod by famdism through tho local nxon roflox is of tho samo nature ns that 
produced by antidromio stimulation of tho sonsory nervo trunks , in both, vessols of all classes 
aro widely dilated and tho dilatation is long ondunng Wo bcliovo that tho released substanco 
responsible for tho dilatation is noillior lnstnmino nor acotyl choline, nlono or in combination 
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Lastly, it would seem reasonable to suggest that an increased 
concentration of the adrenahne-hke substance may be responsible for 
the pallor of the skm in conditions of ill-health m man and that, by 
raising the level of rectal temperature at which normally innervated skm 
vessels relax, it may play a part m the production of fever An observation 
by Johnson, Scupham and Gilbert (18) is significant from this point of 
view By injecting foreign protein they produced fever m a patient 
from whom the nght stellate and first and second thoracic sympathetic 
ganglia had been excised for arthritis They noted that during the 
fever there was a marked increase m the peripheral pulse volume of 
the normal left fingers, while there was no significant change m that of 
the nght side Examination of the plethysmographic records in their 
Eig 3 shows that with the fever there is not only no increase but a 
decrease m the pulse of the denervated side, which passes off as the 
fever subsides This decrease may be interpreted as evidence for an 
increased concentration of the adrenahne-hke substance exerting a stronger 
constrictor effect on the denervated vessels , it may even be responsible 
for the fever itself It may be noted, however, that Pinkston (29) does 
not find a constant vasoconstriction in the sympathectomised ear of rabbits 
during the fever produced by the injection of typhoid-paratyphoid 
vaccine What part this unknown substance may play m maintaining 
normal vascular tone and body temperature must be left for future 
determination 


Appended note by R T Grant and R Bruce Pearson 
( From the Clinical Research Unit, Guy's Hospital) 

Observations on the effect of struggling have recently been made 
on a patient from whom the left lumbar sympathetic ganglia had been 
removed six months previously for the alleviation of pain m the left 
foot due to thrombo-angktis obliterans The left leg and foot were 
warm , sweating was absent from the leg except on the front of the 
thigh When the patient was cool, the nght foot was colder than the 
left but became warmer when the patient was warmed up, the left foo 
remaining unaltered in temperature In three observations it was foun 
that when the patient (warmed and sweating freely) struggled with ins 
arms and body against resistance for one minute, the legs being still, 
the temperature of the left great toe quickly fell 2° and then slowly 
returned to its previous level The struggle caused a temporary rise 
(20 mm Hg) m systohe blood pressure The right great toe showed no 
fall of temperature The subcutaneous injection of one xmmm of 1 m 1,000 
adrenaline caused a similar fall and slow return of the left toe temperature 
without affecting that of the nght It would seem therefore that the 
denervated vessels m man react in the seme way as m the ranom 
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Summary 

1 Observations are recorded on tho normal control of vasomotor 
tone m the vessels of the rabbit’s ear and the vascular and other effects 
of denervation are described 

2 Evidence is given to show that the regain of vascular tone 
following denervation is dne to an increased responsiveness of the 
denervated vessels to various stimuli, including an adrenahne-hke substance 
circulating m the blood stream 

3 The source of this adrenahne-hke substance is unknown , it 
comes from neither the adrenals nor the pituitary body , it is unlikely 
to be sympathm Its concentration in the blood is increased by nervous 
or muscular activity, it is reduoed by rest 

4 The nature of the increased responsiveness of the denervated 
vessels is discussed but left undetermined 

6 It is suggested that the adrenahne-hke substance may play a 
part in maintaining normal vascular tone and body temperature , that 
an increase m its concentration may be responsible for the pallor of 
ill-health and for the rise of body temperature in fever 
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Fig 11 Same oars as in Fig 10, but after 5 mm faradisation of poripliorol ond of the out groat auricular norvo Tlio ground 
colour of tho left ear is now considerably deeper (actually deeper than appears in tbo photograph) than that of the right 
and more small vessels aro seen , the main vessels, being already fully dilated, remain unchanged 








THE RELIABILITY OE CLEARANCE TESTS FOR RENAL 

EFFICIENCY 

By CUTHBERT LESLIE COPE * 

( From the Medical Unit, St Thomas's Hospital ) 


Elsewhere (3), we have called attention to the existence of evidence 
supporting the claim of reliability for the urea clearance test as a measure of 
the power of the kidney to excrete waste products This evidence depends 
on the fact that other similar tests, using different substances, yield m the 
majority of cases, closely similar results to those given by the urea clearance 

In the present paper it is proposed to record comparisons of these 
several tests m support of this claim The two other substances chosen for 
comparison with urea are creatinine and the sugar xylose | Creatinine 
has been used because it has been widely employed m Scandinavia, and to 
some extent also m America, as an alternative test to the urea clearance 
test Xylose has been used beoause it seemed at one time to offer hope of 
providing a method of distinguishing predominantly tubular from glomerular 
types of renal damage That this hope has not been fulfilled m no way vitiates 
the conclusions which are to be drawn here 

Methods 

It is now widely recognized that spontaneous variations of functional 
efficiency do actually occur as a normal phenomenon in a given kidney 
Hence for more reliable comparison of the tests, and m order furthermore, 
to eliminate the errors produced by incomplete bladder emptying, it was 
desirable to make the comparisons simultaneously rather than at different 
times The clearances for these three substances have therefore all been 
determined simultaneously in each individual 

For this purpose 16 g of urea, 3 g of creatinine and 30 to 60 g of xylose 
were given by mouth dissolved m 600 c c or more of water After allowing 
one hour for absorption into the blood stream, unne was collected throughout 
the next hour, and at the middle of this period blood was taken from an 
antecubital vein Analyses for all three substances were made m blood 


* (Senior Beit Memorial Research Fellow) 

t Our thanks are due to the United StateB Chamber of Commerce for kindly supplying 
the xylose used m these experiments 
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plasma and m unne From the results the clearances were calculated 
according to the usual formula clearance = U V/B The clearance 
represents that volume of blood which would contain the amount of a given 
substance which is excreted m the unne m unit time The unit chosen is 
usually a minute, and the clearance is calculated by multiplying V, the 

volume of unne excreted per minute, by the ratio of ^ where U and B 

represent respectively the concentrations m unne and blood of the substance 
under consideration Thus if the unne is being excreted at the rate of 
3 c c per minute, and the concentrations m unne and blood are 480 and 

480 

40 mg respectively, then the clearance is 3 X — = 36 c c per minute 

Thus all the clearance values have been obtained after the administration 
of urea In the great majority of cases a good diuresis was also established 
In two the volume of unne was less than 120 c c per hour, and m these the 
urea clearances were corrected according to the formula of Van Slyke 
No similar corrections were applied to the creatinine and xylose clearances 
since there is good reason to believe that these clearances, unlike that for 
urea, are but little influenced by reduction of the urine volume 

Urea was determined in both blood and urine by the urease and aeration 
method of Van Slyke and Cullen (15) Creatinine was determined m both 
fluids by Fohn’s eolonmetno method using a 1 in 5 tungstic acid filtrate 
of plasma and a suitable dilution of the unne (9, 10) Plasma xylose was 
estimated as non-fermenta ble sugar in the 1 in 5 filtrate obtained after 
precipitation of the proteins and most of the non-glucose reducing substances 
by copper tungstate according to the method of Somogyx (13) As sugar 
reagent Somogyi’s modification of the Shaffer-Hartmann solution was 
used (14) Unnary xylose was determined m a similar way Interfenng 
substances were precipitated with copper tungstate, and the filtrate after 
suitable dilution was fermented with washed yeast and estimated for reducing 
sugar with the same reagent as was used for the plasma xylose 

Results and discussion 


For convenience and simplicity in presenting these comparisons, it 
has been found desirable to express the renal functional efficiency indicated 
by each substance as a percentage of the average normal efficiency, rather 
than as an actual clearance value 

In order to do tlus it was necessary to establish a normal clearance 
value for each substance with which to compare the deviations found m 
nephritic kidneys For urea this normal clearance figure is already recog- 
nized to be 75 c c per minute Since m our experience, a urea clearance of 
75 c c per minute has been found equivalent to a creatinine clearance of 
210 c c per minute and to a xylose cleaiance of 86 c c per 
taken these figures as representing 100 per cent functioml effiiuen^ by ^ 
creatinine and xylose tests respectively A percentage value for the actual 
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functional efficiency of any nepliritic kidney can thus be found by companng 
tlie clearance actually obtained with these “ normals ” considered as 100 per 
cent And this percentage function can be arrived at by means of creatinine 
or xylose m precisely the same way as it is more usually obtained by urea m 
tlie orthodox maximum urea clearance test 

The value which we choose for the normal creatinine clearance is rather 
higher than the average normal found by Rehberg (12) or by Elhs and Soma 
Weiss (6) whose mean was only 147 c c per minute This difference nuiy be 
due either to the different conditions tmder which our determinations w ere 
carried out, or to differences m analytical techmque 

Our xjdose clearances also are rather lower relative to both urea and 
creatinine than those reported on normal human subjects by Jolkffe and 
Chasis (11) These workers found the average ratio between the three 



Fig l *»g 2 

clearances of creatinine, xylose and urea respectively to be 100 67 9 40, 

whereas our own figures show a mean ratio of 100 41 36 Relative to 
creatinine our xylose clearances are however, m good agreement with those 
of Dominguez and Pomerene (5) who find the latter to average 42 per cent 
of the former compared with our own 41 per cent 

But it is the comparative results rather than the absolute values with 
which we are primarily concerned here and such discrepancies are not of 
great importance for present considerations 

A comparison between the simultaneously determined urea and 
creatimne clearances on a senes of nephntic subjects of varying degrees of 
seventy and of vanous types, is shown in Fig 1 In these 31 consecutive 
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cases only two deviate seriously from the general parallelism evident between 
the results of the two tests For these discrepant figures we have no 
explanation to offer It is of interest that they appear to be comparable 
to the cases reported by Ferro-Luzzz (7) Ferro-Luzzi interprets his own as 
cases of excessive urea reabsorption m the tubules, but such a conclusion 
is not as yet supported by sufficient evidence But with the exception of 
these two cases, the “ percentage normal function ” as estimated by 
oreatmine agrees well with that found by the use of urea The widest 
discrepancy between the two tests shows 70 per cent renal efficiency by the 
creatimne method and 50 per cent by the urea clearance The results of 
this senes may thus be regarded as confirmatory of those earlier reported (2) 
The agreement between the urea clearance and the xylose clearance test 
is shown m Fig 2, (see also Table) In this senes of 20 consecutive cases no 


Comparison oj three methods of measuring renal efficiency 


1 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 
16 
16 
17 

15 
10 
20 
21 
22 

23 

24 
26 
26 


Percentage of full normal 
efficiency as estimated by — 


Disease 


Glomerulonephritis with marked “ nephrotische 
Einschlag " 

Glomerulonephritis with marked “ nephrotische 
Einschlag ” 

Uraemia of gastno alkalosis 

Chronic glomerulonephritis 
Acute nephritis 
Acute nephritis (later) 

Chrome glomerulonephritis 

Cardiac failure Mitral 

To'ta.mia of pregnancy 
Acute nephritis 
Chrome glomerulonephritis 

Chroma glomerulonephritis 

Acute nephritis 
Acute nephritis 

Acute nephritis 
Hypertension 

Chrome glomerulonephritis and cardiac failure 

Auricular fibrillation 

Normal 

Acute nephritis (recovery) 

Acute glomerulonephritis 
Acute nephritis (focal) 

Acute nophntis (recovery) 

Normal 

Acute nephritis (focal) 

Acute nephritis (focal) 

Normal 


oreatmine 

urea 

xylose 

70 


80 

07 

— 

10 8 

13 7 

15 2 



26 8 

26 7 

31 3 

28 0 

20 8 

33 6 

26 8 

35 6 

29 6 

38 3 

13 7 

19 0* 

53 6 

17 9 

22 0* 

43 5 

44.5 

46 5 

69 5 

63 0 

52 5 

46 5 

422 

— 

46 2 

49 0 

— 

486 

41 5 

40 0 

61 5 

48 0 

48 5 

62 5 

606 

51 2 

69 6 

64 8 

69 6 

64 0 

62 0 

43 7 

75 5 

66 0 

66 0 

68 0 

640 

— 

610 

— 

68 8 

74.0 

— 

73 5 

68 0 

71 5 

74 6 

67 0 

73 6 

— 

71 6 

48 5 

42 8* 

76 0 

78 0 

— 

76 6 

87 0 

— 

76 0 

82 0 

— 

79 0 

60 0 

— 

73 0 

70 0 

69 0 

82 6 

86 0 

— 

100 0 

100 1 

— 

107 0 

88 0 

— 

1010 

107 0 

119 0 

119 0 

115 0 



Note —Seriously discrepant results are marked with an asterisk. 
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seriously discrepant values have been encountered, and the agreement is 
even hotter than that between creatinine and urea 

This agreement of both the xylose and the creatinine tests with the urea 
clearance thus affords evidence that all three are reliable in providing an 
estimate of the excretory efficiency of the kidney towards waste products, 
and it is the presentation of this evidence which is the mam purpose of the 
present paper 

It is not intended to suggest that either the creatinine or the xylose 
test should replace the urea test for clinical purposes They have only been 
used here to obtain evidence of the reliability of the latter 

But apart from this purely practical implication of the results, certain 
points of more theoretical interest also arise Thus those who seek to apply 
the filtration-reabsorption theory to the nephritic human kidney may be 
tempted to draw conclusions from these results in support of that theory 
For, if Rehberg’s contention that creatinine excretion gives a measure of the 
glomerular filtration rate be accepted, then it can be deduced from our 
results that the concentration of reabsorbed urea bears an approximately 
linear relation to the concentration of urea m the glomerular filtrate Although 
such a deduction is an attractive one for adherents to thiB theory, it must be 
received with caution For it is simple to show mathematically that any 
substance whose clearance bears an approximately constant relation to the 
creatinine clearance, whatever the reason, must show the same apparent 
properties We feel therefore that suoh deductions cannot be brought 
forward in support of Rehberg’s hypothesis, and further, that the results are 
explicable equally well on either theory of renal function 

It was our hope originally to be able to detect by means of these 
comparisons functional differences between tubular and glomerular types 
of renal damage Both the rival classical theories of renal function agree m 
supposing that differences m the excretion rates of various substances are 
referable to the activity of the tubule cells It might be expected therefore 
that tubular damage predominating over glomerular would lead to a tendency 
of the urine to approach the glomerular type All the available direct 
evidence tends to show that the glomerular filtrate has the same percentage 
composition as blood plasma, and that those urine constituents which pass 
through it from the blood are all treated equally From this it must follow 
that m a purely glomerular urine the clearances for all these substances 
will be equal But our results have shown that m the final urine the three 
substances studied are excreted with widely different clearances, the ratio 
between them being approximately creatinine 100, xylose 41, and urea 36 
An approach to a more glomerular type of unne should thus be shown m a 
tendency for the creatinine clearance to approach m value the clearances 
for xylose and urea And this should be true whichever theory of renal 
function is m fact the correct one But no definite evidence of any such 
tendency has been found The material studied has included a variety of 
types of renal impairment, but the ratio between the three clearances remains 
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essentially the same m advanced nephritis as m the normal Nor is it 
altered in cases vith a predominantly nephrotic element m winch tubular 
damage might have been expected to predominate over diminution of 
glomerular filtering power 

Thus our findings are not readily compatible with the frequently held 
view that the unne m advanced nephritis tends to resemble in constitution 
the glomerular filtrate 

They do however, tend to give quantitative support to the so-called 
Umtary View of nephritis, as upheld by Pishberg (8) This maintains that 
renal damage tends to impair the various partial functions of the kidney 
m equal degree and does not discriminate between them It is because of 
this that we have been able to obtain agreement between estimates of renal 
efficiency made by studying the excretion of three entirely different 
substances 


But these substances have certain points m common In the first 
place they are all substances m which so far as is known, the body has no 
further interest, and as such would appear to be representative of a large 
group of waste products In the second place they all appear to be non- 
threshold substances That is, they are all excreted by the kidney whenever 
they exist m the blood There is no blood concentration for any of them 
below which the kidney ceases to continue their excretion Thirdly, there 
is an important point of similarity m the phenomena presented by their 
excretion This is a linear relation between the rate of excretion of each 
and its concentration m the plasma, and this relation is independent of the 
actual volume of unne excreted Such a linear relation has been shown for 


creatinine by Cope (2) and by Dominguez and Pomerene (4) It has been 
demonstrated for xylose by Dominguez and Pomerene (5), and has been shown 
for urea by Addis and Drury (1) although in the latter case the relation only 
holds when the volume of unne is fairly large Thus the excretory 
pnenomena presented by these three substances, although still complex, 
are nevertheless among the simplest to be found for any urinary constituent 
It is solely owing to these facts that it is possible to predict with some 
approach to accuracy the expeoted excretion rate for each substance when 
once the blood concentration is known Then by comparing the expected 
excretion rate with that actually found, a measure of the renal efficiency 
is obtained This is the principle which, m fact, has been employed here of 
calculating the clearances For the clearance may be regarded as a mathe- 
matical short cut or aid in comparing the expected with the actual excretion 
rates It is the outcome of empirical observation rather than of theoretical 
deduction and for clinical purposes at least, nothing is lost by regarding it 
simnlv as a mathematical formula for converting observed analytical figures 
into an estimate of renal efficiency The extent of its success m doing this 
we have attempted to show m these comparisons They are so far as we are 
aware, in better agreement than reported comparisons between any other 
pairs of renal function tests We therefore feel justified in claiming for the 
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urea clearance test a greater reliability m measuring the extent of impairment 
of the kidney power to excrete waste products than can at present be claimed 
for any other type of test 

Summary 

Estimates of renal function m nephritic subjects have been made by 
the urea clearance test and by two independent methods, namely the clearance 
of creatimne and of xylose In the majority of cases the results of all three 
tests are m good agreement It is claimed that this fact provides considerable 
support for the claims of reliability as a measure of renal function made for 
the urea clearance test Certain theoretical implications of the results are 
briefly considered 
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THE MANNER IN WHICH NECROSIS ARISES IN THE FOWL’S 
COMB UNDER ERGOT POISONING* 

By THOMAS LEWIS 

( With, the collaboration of Dr B Gelfand, Bowen Scholar of the New 

York Academy of Medicine ) 

( From the Department of Clinical Research, University College Hospital 

Medical School ) 


Recent studies of spasmodic arrest of the circulation to the fingers, 
Raynaud’s phenomenon, have led us to suspect that these attacks when 
frequent and severe may possibly result m disease of the vessels (4 and 5} 
The suspicion arises out of the association of Raynaud’s phenomenon and 
digital arterial disease, and out of Thoma’s many observations (8) showing 
that when bloodflow through an artery is stopped permanently bv ligation, 
mtnnal thickening and shrinkage occur m the vessel The manner m 
winch the changes described by Thoma come is unknown and it is 
unknown if similar changes would follow intermittent closure of arteries, 
or their almost complete closure over such periods as are experienced by 
patients exhibiting Raynaud’s phenomenon 

It was thought that relevant facts might have been gathered in 
previous work on ergot poisoning, but a search of past records has failed 
to yield quite the desired information It was stated long ago by 
Kobert (3) and ReckhnghauBen (6) and the statement has been confirmed 
by Grunfeld (2), Gngorjeff (1) and others (7), that when gangrene appears 
m the cock’s comb after such poisoning, thrombi are to be found m 
the vessels, but the descriptions do not decide with sufficient clearness 
the relation of this thrombus formation to tissue necrosis The thrombus 
might be responsible for the final obstruction and lead to gangrene, or 
tissue necrosis consequent upon simple arterial spasm might be responsible 
for thrombus formation in the necrosed and immediately adjacent area 
From this standpoint an examination of the state of the vessels within 
the area of necrosis may obviously be of lesser importance than their 
state at some distance away, or their state before necrosis supervenes 
From these points of view new observations have seemed desirable 


* Work undertaken on behalf of the Medical Research Councfl 
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Observation upon the living 

Preliminary trials led us to use white Leghorn hens, because the 
comb in the hen, being far less bulky than m the cock, is more readily 
examined m serial sections The hens were yearlings and selected as 
having perfectly formed, undamaged combs Gangrene of the comb is 
usually produced m these birds by 3 or 4 daily doses of 10 mg ergotoxme 
base, dissolved m the form of ethane sulphonate* in. 2 c c of acetone 
and injected into the breast muscles Pallor of the comb and wattles, 
and especially of the skm around the eye, is obvious within 2 to 4 mm 
of injection , it rapidly gives place to cyanosis (beginning at the 6th 
to 8th mm ), which develops especially m the digitations of the comb 
The fall m temperature begins m the first minute and is completed m 
about 16 or 20 min , when the reaction is at its height (Fig 1) The 



Fig 1 Hen 2 Under wing temperature, temperature of the base of a chief digitation of the 
comb, and room temperature (B T ) The chart shows the quick rise of temperature in the 
originally cool comb, after placing the hen on the warm tablo Later it displavs the reactions 
of the warm comb to an intramuscular injection of 10 mg ergotoxme It is to be stated 
that under wing temperature, owing to the thinness of the wing, cannot be regarded as 
accurately representing body temperature It is to be noted that the temperature of the 
comb does not fall quite to room temperature under ergotoxme 

respirations are raised from the normal level of 30 or 35 eventually 
to 180 or 200 per mm , the wings droop and there is some instability 
of posture In some hours respiration begins to slow again, food is soon 
taken and the hen seems at ease, but the cyanosis lasts and is still 
conspicuous next day 

The hen has been made to sit daily on a flat metal box through 
which water flows at about 45°C , the body of the hen being covered 
and held down by broad cloths , temperatures are read from thermal 


* Supplied by British Drug Houses 
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junctions attached to parts of the comb and beneath one wing In 
control observations before injections, the temperature under the wing 
is ordmanlj' 40 3° to 41 8° , and this temperature rises by 1° or 1 5° 
in a half-hour's warming on the box The original temperature of the 
comb, the hen coming from a cool room, has usually been low , the 
comb is then usually a httle cyanotic and the middle and base of chief 
dotations register 23° to 25° (room temp 18° to 20°) It is the rule 
for these comb temperatures to rise (Fig 1) to 34° or 36° within a few 
minutes (always within 10 nun) of the hen being placed on the warm 
table, and for the comb to assume a deep and bright red colour 

On the day following the first injection of ergot this vasodilatation 
to body unarming fails , the temperature of the comb remains substantially 
unchanged, or rarely rises a few degrees, even if body warming is 
continued for an hour and the table temperature is raised to 47° The 
vessels of the comb will not dilate under conditions ordinarily producing 
full vasodilatation , neither will they relate if in addition the comb is 
directly heated to 41° or 42° , the circulation to the comb remains extremely 
sluggish , its colour is deep and fully cyanotic, and when blanched by 
pressure the colour flow s back slowly into it The circulation to the comb 
is not lost, however, for, as stated, blood will flow m it, and its temperature 
remains 2 or more degrees above room temperature In the days after ergot 
has been given the under-wmg temperature is 1° or 2° below normal 
and on the warm table nses less than in control observations 

If only one dose of ergotoxme is given, recovery of vasodilatation 
to body warming is usually demonstrable on the second day after 
injection (m 48 hr ) but it is incomplete until the third, and occasionally 
until the fourth, day To maintain a state of extremely slow circulation 
through the comb, the dose is repeated day by day If dosage is stopped 
after several injections have been given, the circulation becomes restored 
within 48 or 72 hr to the parts of the comb that have not passed beyond the 
stage of simple cyanosis to the states of threatened or of actual necrosis, 
to winch they are usually brought by four successive daily injections * 
Simple cyanosis of the digitations continues from the first injection 
onwards till the day following the 3rd or 4th injection , the colour of 
parts of the digitations then deepens, though the tint does not become 
more cyanotic The digitation has an appearance as though blood were 
extravasated superficially into its tissue, and the skm can no longer be 
blanched by pressure Digitations in this state cannot be cleared of blood 
by perfusing them after death, even if massage is used , sections 
subsequently show the capillaries to be full and the contents of the kind 
subsequently to be described Usually this deep purple skm is marked 
off sharply from the adjoining cyanotic skm , m other instances outlying 
islets of the deep purple colour occur at the margin, or the transition 


•Frequently the shin over the crop becomes extensively necrosed about the same time 
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is gradual It is usual for the digitation to become affected m this way 
for half or the whole of its length , there may be an extension into the 
mam part of the comb as well If injections are stopped at this stage, 
some recovery of the comb may occur by the next day and considerable 
recovery is usual by the day after After this interval the base of the 
comb has become warm and fresh m colour, the gnp of ergot having relaxed, 
and this fresh colour has gradually invaded the bases of the digitations, 
displacing all cyanosis and pushing back the deep puiple areas of dis- 
coloration Simultaneously, however, the very tips of one or more digitations 
are noticed to be drying, becoming obviously shrunken and brown, these 
tips are the only parts that fail to recover 

Thus, there are three chief stages, namely, (a) a stage of cyanosis 
from which recovery is rapid , ( b ) a stage of deep purple colouration, 
m which blanching cannot be effected by pressure, and from which there 
may be slow recovery or no recovery , this is the stage of lost circulation, 
or as we shall call it for brevity, the stage of stasis , (c) a stage of necrosis 

Histology 

The comb may be described briefly It has an outer covering of 
well developed epidermis (Fig 4) Beneath tins is a thick layer of 
cavernous tissue, characterised by closely set capillary tubes, very 
distinctly hned by epithelium and lying in a reticulum of fibro-elastic 
tissue , this fibro-elastic tissue becomes denser m its central partB where 
it supports the small arteries and veins and contains relatively few 
capillaries In the centre of the comb are its mam vessels, lying embedded 
m a framework of connective tissue which usually contains large masses 
of fat cells also 

Cyanosed comb Sections cut through formalin fixed digitations, 
taken during the stage of simple cyanosis, and compared with similar 
sections of normal combs, show no more than a httle engorgement of 
the capillary vessels of the cavernous tissue 

Stasis Sections through parts of the digitations, presenting the 
signs of stasis dunng life, show intense engorgement of the capillaries 
of the cavernous tissue , m this engorgement the mam vessels often 
participate The capillaries are widely dilated and press against each 
other closely When the stasis has persisted for two or more days the 
blood within most of the capillaries is notably changed In most of 
the capillaries a chief content of the vessel is a mass of homogenous 
substanoe the staining of which is almost uniform , it stains chiefly with 
acid dyes, but when hsematoxylm and van Giesen’s stain have been used 
it colours more deeply, taking up a reddish or brown tint The substance 
is apparently separated plasma, for a similar appearance is seen m normal 
combs that have been clamped off, out away and merely allowed to 
Btand for 6 to 30 hours before fixing The hyaline masses have been 
described previously by Gngorjeff (1) m his studies of ergot poisoning 
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When this hyaline first appears m the capillaries the red blood cells 
of the capillary are usually embedded m it, and their envelopes are still 
distinguishable Later, m the ergot poisoned comb, tlie cytoplasm of 
the red blood cells becomes indistinguishable and the nuclei have tho 
appearance of being closely packed together m masses (Fig 5) In somo 
capillaries hyaline only is found, m some only massed nuclei , but m 
most of them a mass of nuclei is enclosed with hyaline Capillaries 
holding such massed nuclei or hyaline contents occur for the most part, 
but not exclusively, m the most superficial layers of the comb , tho 
epithelium of tho skin overlying them is in greater or lesser degree 
shrunken, and its staining reactions altered , tho endothelial lining of 
these capillaries is indistinct or invisible In the same digitations it is 
not unusual to find small areas m which red blood cells have extra va sated 
m large numbers into the connective tissue and, when this has happened, 
a local leucooytic infiltration may also be present 

Necrosis Sections through tips of obviously drying and browning 
digitations, present manifest evidences of necrosis , the epidermal layer 
is shrunken, the capillaries and all central vessels are seen to be dilated 
and packed with tho nuclei of red blood cells , but clearness of detail 
is everywhere lost 

Edge of necrotic area At the border of the necrotic areas and for 
a variable distance proximally it is the rule to find clots in the dilated 
central vessels There are large and usually rounded masses of densely 
packed nuclei of red blood cells, the cytoplasm of the cells being 
indistinguishable , these masses occupy a large part of the lumen 
Partly encircling them, or moulded to their sides, masses of fibrin are 
seen , the fibrin has not a purely hyaline appearance, it can be seen 
to consist of coarse and irregular strands or masses, between which some 
well-formed red blood cells, or many disintegrating red cells, and white 
cells are found , thus blood cells are set throughout most of these 
fibnnous masses, though more sparsely than m the case of the masses 
of packed nuclei previously described, into or through which also finer 
strands of fibnn may be traced As the sections are examined further 
away from the necrotic area, these thrombotic masses gradually give 
place to accumulations of undamaged red blood cells Hyaline masses 
occupying the whole lumen of the vessel, or almost surrounding a central 
collection of red blood cells, are seen occasionally in these sections We 
think they have been mistaken by several previous writers for ante-mortem 
blood clot But they are found equally m sections of normal combs and 
especially in those allowed to stand before fixing , separation of plasma 
and red blood cells seems to happen readily m all the small vessels of 
the comb The characteristic feature of the ante-mortem clot m mam 
vessels is the coarse strand of fibnn , this is associated with nuclear 
accumulations, which vary notably m density In the sections, most 
thrombosed artenes are first recognised by their darkly stained contents. 
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the result of the crowded nuclei of red blood cells, which seem to have 
lost most of their cytoplasm (Figs 6 and 7) The appearance of these 
massed nuclei is exactly similar to that seen m the capillaries, as 
previously described We are not clear whether this massing of nuclei 
marks thrombi of a particular age, or whether it is chiefly an effect of 
dessication 



Fig 2 Hen 8 The extent of full cyanosis of dictations 1, 2, 3 and 4 is indicated bv a simple 
line, areas of stasis by shading (8, 0 and 7), and areas of necrosis in black 

In the junction of necrotio with normal tissue, it is the rule to find 
the capillaries of the cavernous tissue in a state of stasis with very many 
or most of them containing massed nuclei or hyaline masses , at the 
margin too it is not unusual to see the whole of the cavernous and 
central tissues infiltrated with leucocytes 

The following examples will suffice to illustrate the mam observations 
Hen 6 received 3 injections of 10 mg ergotoxme on the 13th, 14th, 
and 15th of November, and no more On the 16th digitations 1 to 4 
were m their usual cyanotic condition, but digitations 5, 6 and 7 and 
a considerable part of the adjo inin g comb had assumed the deep purple 
tint of stasis (Fig 2, shaded area) On the 17th this area of stasis 
had m part recovered, leaving two outlying islands , a little further 
recovery occurred when the hen was warmed on the hot table On the 
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18th tho whole comb was red and warm except for the three small 
areas of dry gangrene at the tips of digitations 5, 6 and 7 Tho fowl 
was killed on the 19th and the comb fixed Sections down to lino a, 
showed necrosis, the lowest sections showing thrombosis of all vessels, 
capillaries, arteries and veins, and intense leucocytic infiltration of the 
tissues From a down to b the thrombi extended in many of tho arteries 
and some veins, all of which w ere dilated , the capillaries were engorged 
and some presented massed nuclei or hyaline masses Tho superficial 
tissues also contained areas of hamiorrhagic extravasation From b down 
to c, an area originally in\olvcd in stasis and still a little swollen when 
the animal w r as killed, the chief abnormality found was a quantity of 
hyaline substance, presumably inflammatory exudate, in tho tissue spaces 
and lymphatics of the centre of the comb , throughout these sections, 
too, w ere groups of capillaries and isolated capillaries showing the familiar 
pictures of massed nuclei or hyaline No thrombi could be found in 
the mam vessels of this or any more proximal part of the comb Sections 
of digitation 4 showed no more than slight congestion of the capillaries 
This experiment illustrates the onset of stasis and its progress to necrosis 
Tho necrosis was accompanied by vascular thrombosis, the clots extending 
a few millimetres proximal to the actual area of necrosis Stasis in the 
largest part of the area to show it, was unassociated with clotting, and 
this area had recovered with rapidity 

Hen 9, received four injections of 10 mg ergotoxme on Nov 26, 
27, 28, and 29, and no more On the 30th, cyanosis and coldness were 
maintained over digitations 1 to 5, but the discoloration of digitations 
6 and 7 was deeper and more sharply defined (Fig 3) On this day, 
too, a discoloration like a purpunc eruption appeared on the outer surface 
of the nght-hand wattle When this fowl was thoroughly warmed on 
Dec 1st the base of the comb became pmk and warm, showing the 
ergotoxme spasm to have passed , but the digitations remained unchanged 
in colour and temperature On Dec 2nd the cyanosis of digitation 1 
had disappeared and the purple discoloration of all the remaining digitations 
had become well defined By the 3rd there was noticeable drying of the 
tips of digitations 4 and 6 By the 4th the purple discoloration had 
receded a little m one or two places, and necrosis was obvious at the 
tips of all digitations 2 to 7 On w arming the fowl, all but the discoloured 
parts of the comb became red and hot The condition was unchanged 
next day, when the hen was lulled 

Digitations 6 and 7 were examined in their length From the 
necrosed region downwards to line a arteries and veins were found to be 
widely dilated and full of thrombi , much blood was extravasated diffusely 
into these sections , the capillaries were dilated and contained massed 
nuclei and hyaline substance As the original line of discoloration (line b) 
was approached the thrombi in the mam vessels became less frequent, 
and gross capillary changes less numerous , in the lowest sections from 



50 


T LEWIS 


this region the contents of only a few capillaries were altered Below 
line b all the main vessels were normal, a few capillaries were packed 
with nuclei All the more proximal sections down to line c were normal 
Sections of the 2nd digitation, showed necrosis at the tip and 
thrombosis of mam vessels in its immediate neighbourhood, hut lower 
down the mam vessels of this digitation were normal On the other 
hand capillaries were grossly affected m the whole length of the digitation 
down to line d, becoming less affected as the digitation was examined 
from tip to base 



Fig 3 Hen 0 The method of indicating full cyanosis, stasis, and necrosis is the same ns in 
the last diagram 


Sections of the right wattle showed very little blood extravasation 
The purpunc looking patches were groups of capillaries presenting t e 
characteristic pictures of advanced stasis with altered contents previously 
described The affected groups of capillaries were found only on the 
outer surface of the wattle, and the surface epithelium over each group 
was shrunken from drying There were no thrombi in the mam vessels 

When the relation of thrombus formation in the mam vessels to 
necrosis of the end of the digitation is studied, in the manner indicated 
m these illustrations, it can be concluded that necrosis of the di^tataon 
“core rarely, .f ever, m the ataence of ttaombr «■» ■ * *£ not 

only within the necrosed area, but always extend for a kttle distan e 
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proximnlly In some instances, with necrosis only at the tip of the 
(limitation, thrombi are found in central vessels as far as the base of the 
digitation Not only main arteries but mam veins arc often thrombosed 
When the condition stasis has been identified m the digitations during 
life, but has not proceeded to actual necrosis, thrombi are occasionally 
found in some of the central ■vessels Those facts demonstrate that 
thrombosis is not the sequel to necrosis, and point to necrosis being the 
outcome of thrombosis But it is also clear that nutrition can suffer 
severely m the absence of thrombosis of the main vessels, and may lead 
up to simple stasis in the capillary vessels and to gross changes m their 
contents If these capillary changes are closely aggregated thcy T lead 
to so gross a defect in local blood supply that the epithelium overlying 
such areas of cavernous tissue becomes dry Very possibly this process 
may r by r itself proceed to dry T gangrene, though we have not seen this 
happen , by the time necrosis declares itself thrombi hav e appeared m 
mam vessels 

Interpretation 

The manner m which the tissues of the comb become dnmaged 
seems to be ns follows — the poison ergoto\me constricts the arteries 
of the comb , this constriction is one that cannot be released by r 
relaxation of vnsomotor tone or by local warming The constriction 
is maintained if ergot injections arc repeated day by day, but it is 
insufficient to stop the bloodflovv through the comb, which continues 
a little warmer than the surrounding atmosphere and shows at first no 
signs of dessication But about the third or fourth day the nutrition 
of the w alls of the vessel begins to suffer , for about this time stasis 
occurs m them, the blood in the capillaries bemg m a state rendering 
its dislodgment difficult Histologically all the vessels and especially 
the capillaries are found to be dilated, the contents of the latter present 
the picture of massed nuclei or hyaline masses When the circulation 
m the capillaries ceases, the overlying epithelium and later the contents 
of the engorged vessels begin to dry It is impossible to declare precisely 
liow far this process can be earned and the affected portion of the comb 
y et recover , though it is clear that recovery happens from the early 
but not from the later stages, as judged by the sequence of events 
witnessed during life The nutation of the walls of the mam vessels 
suffers in the same way as does that of the walls of the capillanes, and 
clots form in artenes and veins, though m general a httle later than the 
occurrence of stasis m the capillanes Dilatation is the rule m any 
vessel m wluch blood flow ceases, whether it becomes thrombosed or 
not We have seen no vessels in a constncted thrombosed condition, 
or indicating post-mortem relaxation of the walls away from a small 
central ante-mortem thrombus 

Bnefly, the evidence favours the view that constnction of the 
artenes, continuing through several days of ergot poisoning, does not 
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lead directly to tissue necrosis, but to damage to the walls of the vessels, 
resulting in dilatation, and in stasis or m thrombosis, either of which will 
bnng the circulation locally to an end and together determine dry necrosis 
of the corresponding tissues 

Ergot produces its ultimate effects entirely through arterial spasm 
continuing for 3 or 4 days , a direct poisoning of the tissues seems to play 
no part All the effects witnessed m the comb can be reproduced by 
mechanical interference with the circulation In a number of liens we have 
clamped the bases of digitations, including m the clamp three fourths or 
four fifths of the base of the digitation Enough must be clamped to 
produce deep cyanosis of the end of the digitation within a few minutes, 
though the unclamped portion and some of the digitation distal to the clamp 
should remain red Characteristic conditions of stasis and of gangrene of 
the tip of the digitation can be produced by maintaining the clamp for 
48 hr, sometimes in as short a period as 30 hr The histological appearance 
of simple stasis, of stasis complicated by dessication, the formation of 
hyaline masses or of massed nuclei, and of necrosis accompanied by 
ante-mortem thrombi in the mam vessels, are all faithfully reproduced It 
is usual in these experiments to find coagulated lymph m the central spaces 
of the digitation, a phenomenon which differs from that m ergot poisoned 
combs only m its greater frequence in the clamp experiment 

SUMMARY 

Gangrene of the hen’s comb can be produced regularly by day to 
day injections of 10 mg ergotoxme into the breast muscles A constriction 
of the arteries, which is unrelieved by relaxing vasoconstrictor tone or 
by local warming, is thereby maintained and, though a little flow of 
blood continues, senous nutritional changes occur by the end of a few 
days The endothelium of the vessels suffers, plasma is lost and stasis 
occurs in the capillaries, vascular clotting follows in central vessels, which 
are by this time dilated, and necrosis is determined All these changes 
can be produced within a few days by mechanically impeding the bloodflow 
to the comb Vascular spasm m ergot poisoning does not arrest the 
circulation, and so does not cause gangrene directly The spasm profoundly 
slows the blood stream and leads to the secondary changes in the vessels 
described, these are responsible for the arrest of bloodflow, which in turn 
results in death of the tissues 
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OBSERVATIONS ON THE CAPILLARY PERMEABILITY IN 
CASES OF NEPHRITIS AND OF HEPATIC CIRRHOSIS WITH 

HYPOPROTEESLEMIA 


By F H SMIRK 

( From the Medical Unit , University College Hospital ) 


It is now beyond question that in nephritis there is a ty po of cedoma in w Inch 
the percentage of protein m the plasma and the colloid osmotic pressure of 
the plasma* are subnormal This typo of oedema occurs in nephrosis and 
in the nephrotic stage of glomerulo-nophntis 

It is generally believed that such oedema is caused partly bj r the low 
plasma COP Tlio aim of the present investigation is to distinguish 
between the effects of a low plasma COP and an increased capillary 
permeability m causing this oedema 

Baldes and I ( 1 ) using Hill’s lapour pressure method lime shown that 
the total osmotic pressure (total osmotic pressure = crjstnlloidal osmotic 
pressure + colloidal osmotic pressure, the cry stalloidal osmotic pressure 
being much the greater) of oedema fluid and of plnsniu are equal (to 111111110% 
or less) if tunc is nllow cd for the process of diffusion to smooth out irregularities 
caused by a temporary excess of metabolites in either the blood or the 
oedema fluid This equality of tho total osmotic pressures of oedema fluid 
and plasma is maintained despite considerable inriations in tho totnl osmotic 
pressure of the plasma 

This indicates that either -water or -water and crystalloids pass freely 
through tho capillary wall so equalising tho total osmotic pressures, and flint 
the formation of oedema fluid is governed partly or entirely by simplo 
physico-chemical forces 

Moreover, a chemical study (unpublished) and a suivoy of tho literature 
both concerning the relationship between tho composition of blood plasma 
and various types of transudate was mado ( 5 ) Oedema, peritoneal, plouinl, 
pcricnrdinl, joint and hydrocele fluids, aqueous humour of tho cy 0, ly inpli, 
ccrcbro spinal fluid and dialysatcs and ullrn-filtratcs of plasma obtained in 
vivo and 111 vitro were considered Tho results of 00 obseners mvoh ing 
over 000 comparisons of tho composition of plasma and trnnsudato nidicato 
that the relationship betw con tho percentages of chlorine, sodium, bicnrbonnto 

* Colloid onmotio prcrwiro of plnimn = Flnsmn COP 
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calcium and urea in plasma and in transudates such as oedema fluid may be 
explamed on a physico-chemical basis by Donnan's theory of membrane 
equilibrium 

In other words the composition of a given transudate is substantially 
the same as the composition of the fluid obtained in vitro by ultra-filtration 
of the corresponding plasma through a dead membrane which is permeable 
to water and to crystalloids but is impermeable or relatively impermeable 
to protein Simple filtration through blood vessels provides a satisfactory 
explanation of nearly all published data concerning the relationship between 
the composition of blood plasma and transudates The varying protein 
content of these transudates is probably due to the fact that blood vessels 
in some situations are not completely impermeable to protein 

If oedema fluid is a simple filtrate of plasma the passage of fluid out 
from and back into blood vessels must depend upon the relationship between 
the capillary pressure, which furthers transudation, and the plasma COP 
which furthers reabsorption of the fluid (6) In certain circumstances the 
mechanical resistance of the tissues to distension and the colloid osmotic 
pressure of the oedema fluid will play a part The colloid osmotic pressure 
of the oedema fluid m nephrosis and m the nephrotic stage of glomerulo- 
nephritis is so small that it can be neglected A fall in the plasma COP 
must, therefore, increase the rate of formation of oedema Also, if oedema 
fluid is a simple filtrate of plasma, another governing factor of the rate of 
formation of oedema fluid must be the capillary permeability An increase 
m the permeability of the capillary blood vessels of a limb may mean either 
loss of some of their normal resistance to the passage outward of the plasma 
protein, or that without losmg their impermeability to plasma protein they 
offer less resistance to the passage of water and other diffusible constituents 
of the plasma In this paper we are concerned mainly with changes in 
permeability in the latter sense The very low percentage of protein in 
samples of oedema fluid from cases of nephrosis or of the nephrotic stage of 
glomerulo-nephntis indicates that the natural impermeability of the limb 
capillaries to plasma protem is scarcely altered in these states Increases 
in the permeability of the capillaries to water and crystalloids only will not 
cause transudation of fluid, but if transudation of fluid is already determined 
by other factors an increase of permeability m this sense will increase the 
bate of transudation Our primary object is to compare the permeability 
of the capillaries to water and crystalloids in cases of hypoprotemsemia 
due to nephritis (or nephrosis) with the capillary permeability m health 
and with that in hypoprotemsemia due to a cause other than nephritis 

In subjects with equal plasma C 0 P s it would be possible to compare 
the permeability of the capillary beds of the arm by producing equal degrees 
of passive venous congestion in the arm artificially and comparing the rates 
of swelling due to oedema formation Where the plasma COPs are unequal 
the method cannot be applied in this way , for with equal heights of venous 
congestion the effective filtration pressure (effective filtration pressure = 
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capillary pressure — colloid osmotic pressure of plasma) would be greater 
m a subjeot with a lower plasma COP In order to equalise the effective 
filtration pressures a simple correction for the plasma COP m each case 
was introduced The concentration of protein m the oedema fluid from these 
cases is so small that the colloid osmotic pressure of the oedema fluid is 
negligible 

Method 

The colloid osmotic pressure of the plasma is determmed by Vemey’s 
technique (7) with an apparatus modified by Pickering and Wright (4) 



The total nitrogen of the plasma is estimated by KjoldnhI’s method before 
and after the dialysis in the osmometer and when necessary an appropriate 
correction for dilution of the plasma m the osmomotor is made 

Sphygmomanometer cuffs are now placed round the anus of normal and 
hypoprotciniemic subjects In each case tho cuffs are inflated to a pressure 
which is equal to the measured plasma C 0 P of tho case plus 20 cm of w atcr 
In this way tho venous pressure was raised to such a level m oach o\porimont 
that tho difference botween tho venous pressure m tho arm and tho plasma 
C 0 P is tho same in all instances, namely 20 cm This increased venous 
pressure is maintained for 5 hours and causes swelling of tho arm both in tho 
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normal and hypoproteinsemic subjects The amount of swelling is measured 
by a simple device shown in Fig 1 It is composed of a glass jar A containing 
a removable block B which rests on the top of the jar being supported there 
by steel pins C 0 on either side of the block A horizontal mark D is made 
on the jar and cross-wires E are attached to the forearm by adhesive tape 
and collodion When a measurement of arm volume is to be made the arm 
is plunged vertically into the glass jar until the marks on the arm and on 
the jar are at the same horizontal level The fingers rest on the bottom of 
the jar The block B is now inserted into the jar , it serves to diminish the 
amount of dead space Water at exactly 37° C is then poured into the jar 
until the level of the water meniscus and of the two marks are in the same 
horizontal plane The volume of the jar up to the mark minus the volume 
of water added gives the volume of the hand and forearm up to the cross- 
wires When the block B fills most of the dead space at the level of the two 
marks a change of 1 c c in the volume of added water causes a definite 
change m the level of the water meniscus 

As the arm changes from the horizontal to the vertically dependent 
posture which is used for measurement, gravity increases the venous pressure, 
hence more blood accumulates m the arm and a few minutes elapse before 
the volume of the arm ceases to increase Although the additional swelling 
of the arm due to this change in posture was incomplete 1| minutes after 
the change in posture it was found experimentally that measurements at 
t.his time are, for comparison with similar measurements, the best The 
arm volumes are determined hourly in this way for 6 hours Except during 
the measurements of volume the arm is placed horizontally and at rest 
With well-trained subjects the accuracy of the method is usually ±$% of 
the volume of the arm up to the cross-wires 

Results 

The patients investigated were 6 cases of the nephrotic type of 
glomerulo-nephntis with hypoproteinasmia and oedema of the legs and 
eyelids but not of the arms, and one case of pure nephrosis (as defined by 
Leiter (3)) In no case was there evidence of a recent acute exacerbation 
of the nephritis or of congestive heart failure 

Results showing the hourly increase in the arm volume are shown in 
Eig 2 The lower curve is normal m type, the upper curve shows the 
increased rate of swelling obtained m a case of nephritis 

The smoothness of these curves and the fact that the rate of transudation 
of fluid is rather less at the end of the experiment than at the outset indicate 
that no serious increase in the permeability of the capillaries has resulted 
from the venous congestion 

The total mcreases m arm volume expressed incc per 100 c c iunb 
during the 5 hours of venous congestion are 6 6, 6 5, 6 0, 6 4, 3 6 and 5 0, 
average 6 7m the normal subjects , and 16 4, 13 8, 9 0, 10 0, 11 6 and 8, 
average 12 1 m the patients with nephritis (Fig 3) 
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Evidently the capillary bed as a whole is more permeable in the cases 
of nephritis than in health, because m the same time, under similar pressure 
conditions it lets through more fluid 

This is further emphasised by the fact that the correction we apply for 
the plasma COP difference is an over correction which tends to minimise 



Fig 2 Unto of swelling of n hand with artificial venous congestion 



Fig 3 Unto of swelling of a hand with artificml \enous congestion Each vortical lmo refers 
to a soparato experiment and is marked by tlio case nurabor Tlio dogreo of venous congestion 
was equal in each enso to tho measured colloid osmotio pressure of tlio plasma + 20 cm of 
uator 


existing differences m tlio rates of codoma formation Thus m attempting 
to Becuro equal effective filtration pressures wo correct for the lower plasma 
COP m the coses of nephritis by congesting the arms at a lower vonous 
pressure than in tho healthy controls By meohomcal strotolung of capillaries 
(and perhaps by opening up more capillaries) an moroaso m venous pressure 
is apt to increase both tho surface area of the capillaries available for filtration 
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and their permeability The degree of artificial venous congestion is less 
in the nephritic cases, consequently the surface area and permeability of the 
capillary bed m nephritis will not be increased so much by the artificial 
venous congestion as in healthy subjects 

If instead of applying a correction for the plasma C 0 P we apply equal 
degrees of venous congestion to the arms of normal and nephritic subjects, 
the even greater transudation rate whioh is then obtamed m the nephritic 
cases measures the combined effects of a fall in plasma OOP and an increase 
in permeability of the capillary bed as a whole (Pig 4) As the venous 
pressures are equal m tins experiment the mechanical effects of the venous 
pressure upon the capillaries are more comparable than in the previous 
experiment where the pressures were unequal 



Kig 4 Rate of swelling of a hand with artificial venous congestion 

As a further control two cases with hypoprotemeemia not due to nephritis 
were studied These were both cases of hepatic cirrhosis with rapidly 
fornung ascites which was tapped frequently The great loss of protein m 
the asoitio fluid caused hypoprotemeemia (2) and a low plasma COP m 
both subjects The venous pressure m the arm was raised artificially 
in each case to a pressure equal to the measured plasma COP plus 20 om 
of water The resulting mcreases m arm volume moo per 100 c o of limb 
per 6 hr period are 7 0% and 10 6% of the initial volume of the arm 
(Fig 3) We may conclude that the permeability of the capillary bed as a 
whole is normal in one case and but sbghtly increased in the other But 
the increased rate of transudation m bypoprotemsemia due to nephrosis or 
nephntis m the nephrotio stage is much greater It seems therefore that 
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the increase in the permeability of the capillaries m the nephntic stage of 
glomerulo-nephntis and m nephrosis does not depend upon the hypoprotem- 
temia as such, but is part of the symptom complex of the nephritis 

Discussion 

It is dear that oedema will not develop unless the rate of loss of fluid 
from blood vessels exceeds the rate of absorption of the fluid by lymphatics 
If there is a general increase m the permeability of vessels throughout a 
capillary bed, both the rates of transudation and of re-absorption through 
the blood vessels in that capillary bed will increase Hence if the relation- 
ship between the capillary pressure and the plasma C 0 P is such that the 
rate of transudation from the blood vessels exceeds the rate of re-absorption 
of fluid by the blood vessels an increase in the permeability of the blood vessels 
will then increase further the rate of loss of fluid from them In situations 
where the lymphatics cannot deal with this increase the tissues become 
ccdematous 

In this investigation the sphygmomanometer cuff placed round the arm 
obstructs the lymphatics and prevents the drainage of fluid if the limb is at 
rest , so that the rate of swelling of the limb is an mdex of the rate of loss of 
fluid from the blood vessels It has been arranged that the difference 
between the artificially raised venous pressure in the arm and the plasma 
C 0 P is the same, namely 20 cm of water, in the normal controls and in the 
hypoprotcinoamic subjects v’ltli nephritis With equal periods of congestion 
using the same effective filtration pressure of 20 cm of water a greater volumo 
of fluid leaves the blood vessels m the nephritis cases than m the normal 
controls It is concluded, therefore, that the capillary bed of the arm, taken 
as a whole, is more permeable in these subjects than m healthy controls 
It seems moreover that the increased permeability is not the result of the 
hypoproteimcmia as such because two cases of hypoprotemrcima not duo to 
nephritis had capillary permeabilities which woro normal or but shghtly 
increased 

The increased permeability of the blood vessels m the nephntic stage of 
glomerulo-nephntis is of cluuoal importance for it may double the rate of 
transudation of oedema fluid even when the transudation rate is already lugh 
because of a fall ui the C 0 P of the plasma Thus, a case of hepatic cirrhosis 
with liypoproteinremia due to the repeated removal of ascitio fluid had a 
plasma COP of 20 6 cm of water and a case of glomerulo nephntis 
m the nephrotic stage had a plasma COP of 26 cm of v r ater The 
congesting pressures m the sphygmomanometer cuff were (20 6 + 20) and 
(26 + 20) cm of water respectively The rates of swelling of the arms wero 
7% and 16 6% of the volumo of the arm m 6 hours The difference m the 
rates of swelling is not due to the small difference in the plasma C O P s 
nor to the small differences in the degrees of venous congestion and is 
attributed to an increase m the permeability of the capillary bed as a whole 
in the case of glomerulo-nephntis, 
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Summary 

A method for determining changes in the permeability of the capillary 
bed m the arm is described 

The permeability of the capillary bed of the arm was studied m 5 cases 
of glomerulo-nephntis in the nephrotic stage and m 1 case of pure nephrosis 
in which hypoproteinsemia was associated with a measured fall in the colloid 
osmotic pressure of the plasma 

Two cases of cirrhosis of the liver without nephritis but with 
hypoproteinsemia and a similar fall in the colloid osmotic pressure of the 
plasma were also studied 

The permeability of the capillary bed was found to be considerably 
increased in nephritis and m the case of nephrosis and was within normal 
limits m the two cases of cirrhosis of the liver 

It is considered that the oedema of glomerulo-nephntis in the nephrotic 
stage is in part due to an increase in the permeability of the capillary bed, 
in the sense that the passage of water and crystalloids through the capillaiy 
bed takes place more readily than m normal subjects 

CASE REPORTS 

Case 1 E.B , a boy of 11 years, admitted to hospital m January, 1034 His illness began 
two months before admission with macroscopic hrematuna and oedema of the faoe and ankles 
There was moderate lassitude but otherwise the patient felt and continued to feel well "When 
first seen m hospital there was oedema of the face and ankles and little or no breathlessness 
The urine then contained 0 0% of albumin, a moderate number of red cells and hyaline, granular 
and red cell casts The daily volume of unne passed vaned but was usually about 000 o o The 
temperature fluctuated between 08° and 100“ F Hie left border of the heart was 1" outside 
the mid-clavioular lino m the 4th space The resting pulse rate vaned between 72 and 100 On 
inspection of the neck veins there was no evidence of venous congestion and the liver was not 
palpable The blood pressure was 140/100 There was 74% of hremoglobm m the whole blood 

Slight oedema of the face m the morning persisted for ten months after his admission to 
hospital The degree of oedema in the ankles vaned in the first four or five months hut after 
tlie Stli month was either absent or trivial Apart from the decreased tendency to oedema and 
a blood pressure rising gradually to 200/145 the patient’s condition remained substantially the 
same throughout his stay in hospital The concentrating capacity of the kidney for urea and for 

chloride was impaired maximum urea percentage 1 13%, 0 + 5* *=* 0 88 The blood urea 

vaned between 0 04 and 0 08% " 

The capillary permeability was studied m June, 1934 , the plasma C O P at this time was 
26 cm of water (normal 35—40 cm ) 

Case 2 F A , an engineer, of 26 years, seen first in Not ember, 1034, when he was admitted 
to University College Hospital At the age of about 20 the patient noticed a tendency to puffiness 
of the face and at the age of 23 or 24 headaches and backaches Oedema appeared m the legs 
about 14 months before and in the arms and hands about 9 months before he was seen first 
Swelling of the abdomen was present occasionally The oedema disappeared from the bands 
before the patient was seen in hospital 


* It has been found (Smirk) that m mild cases of nephritis the kidneys may appear to have a 
normal excretory function in that they are capable of forming high concentrations either of urea 
or of chloride m the unne, but that they di ffe r from normal kidneys m that they are unable to 
form high urinary concentrations of urea and chlonde at the same time This functional 
difference is made the basis of a clinical test in which 13 g of urea and 3 g of potassium chlonde 
are given by mouth If U = the maximum percentage of urea in the unne after giving the urea 
and chlonde mixture, and 0 = the percentage of chlonde in the unne sample which contains the 

maximum urea percentage, then 0 + ^ is greater than 2 in normal subjects and less than 2 m 
cases of nephntis 
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On examination there were no special abnormalities apart from oedema of the face and legs 
and a blood pressure of 100/90 falling to 130/85 after a month m hospital The nnne contained 
0 6% of protein and on micros oopio examination red cells and pus The percentage of 
htomoglobmin the whole blood was 82 The blood urea was 0 007% on 14/ll'34and the maximum 
urea concentration after giving urea was 1 6% on 15/11/34, and 2 2% on 4/12/34 The non 
protein nitrogen of the plasma was 0 052% on 1/12/34 The percentage of protem m the plasma 
was 3 4 (normal 7 5) 

After three months in hospital the blood pressure was 115/75, the oedema was less and the 
capacity of the kidneyB to concentrate urea and chloride was almost normal 

The capillary permeability Was studied in December, 1934 , the plasma C OJ at this time 
was 14 0 cm of water (normal 35-40 cm ) 

Case 3 B W , a boy of 14 years, was seen that m April, 1934, when he was admitted to 
University College Hospital The illness began with swelling of the face and legs 10 months 
before admission, and during this time the swelling on the face and legs gradually became more 
pronounced so that m the last few months before admission the facial swelling did not subside 
during the latter part of the day , the swelling also spread to the scalp 

Three days before admission the abdomen began to swell Until a few days before admission 
the patient felt well and was able to attend school and play games though not with normal vigor 
On examination, oedema of the face and legs was found together with ascites but otherwise there 
were no abnormal physical signs The blood pressure was 130/98 , the blood count was normal 
The unne contained 0 05 to 0 1 per cent of protem , a few red cells and hyaline casts were found 

on microscopic examination The maximum urea percentage after giving urea was 10 C + -^ 

was 1 96 (normal 2-0 or more) The non protem nitrogen of the plasma was 0 015% The 
percentage of protem m the plasma was 4 75 

The capillary permeability was studied a few days after the patient was admitted to hospital 
Oedema of the face and feet was then present and the plasma C O.P at this time was 19 cm of 
water (normal 35-40 cm ) 

Case 4 A.Tt , an unemployed man, aged 36 years, seen first in July, 1034 The illness 
began in March, 1034, with tonsillitis followed by general malaise and swelling of the legs and face 
The unne was then found to contain muoh blood and protem , the blood urea was 0 246% and 
the blood pressure was 176/110 

In July the condition appeared to be stationary There was a trace of oedema m the ankles 
but no other abnormal physical signs The unne contained a few red cells and 0 25% of protem 
The blood urea was 0 081% The blood pressure was 132/90 

The capillary permeability was studied a few dayB later and the plasma C 0 F at this time 
was 27 cm of water (normal 35-40 cm ) 

Case 5 H.R , a bus driver of 30 years, was admitted to hospital in January, 1035 The 
first symptom observed two weeks before admission was oedoma of the faco and ankles There 
was headache with blurred vision and nocturnal frequency of mictuntion There was no 
pronounced malaise or lassitudo on admission nor was there a history of either 

Physical examination revealed no special abnormality apart from oedema of the face and 
feet, a blood pressure of 155/120 and slight swelling of the optio discs The unno oontamed much 
protem, red cells and casts Hie percentage of hemoglobin m the whole blood was 73 on 10/2/35, 
and 64 on 17/3/35 The non protem nitrogen of tho plasma was 0 054% on 25/1/35, and 0 071% 
on 17/3/35 Tho percentage of protem m the plasma was 4 3 (normal 7 5) 

Tiie capacity of the kidnoys to concentrate urea and cldondo was subnormal maximum 

urea percentage 1 1, 0 + j = 1 02 

Despite tho short lustoiy there was no evidence of acute renal damage Hypoprotememia 
and a low colloid osmotic pressure of tho plasma were observed from tho outset, and the profuse 
proteinuria was accompanied by relatively few rod cells The condition was thought, therefore, 
to bo chronic 

The capillary permeability was studied on 28/1/34, and the plasma C O J* at tills time was 
21 8 cm of water (normal 35-40 cm ) 

Case 6 C W , a woman of 26, was seen first in May, 1934 Tho illness began about June, 
1932, with lassitude, loss of weight and pufilnoss under the eyes in tho morning In September, 
1932, thoro was swelling of tho ankles Whioh increased in tho next few months and was associated 
with hoadaoho and vomiting In July, 1933, the pationt had improved to tho stage of convnles 
conce, but tho symptoms and the swelling rotumod after a cold in September, 1933 The patient 
was convalescent in February, 1934, but swelling of the face, ankles and abdomen started again 
m March, 1034 

On examination m May, 1034, there was slight oedoma of tho eyelids m tho morning togother 
with marked oedoma of tho logs and abdominal wall and ascites Tho unne contained 0 7% of 
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P^ m a . nd hyaline andgranular casts but no rod cells or blood casts The blood pressure was 
95/65 Apart from this there were no physical abnormalities The blood count and hamoglobm 
percentage were n orm al The maximum urea percentage after giving urea was over 3°/ n on 
60V ^f, C , Casl0 ?^ „S e non protein nitrogen of the plasma was 0 027% on 11/5/34, and 0 02% 
on 22/6/34, and 0 26 ^ on 0/9/34 The percentage of protem m the plasma Was 4 0 on 11/6/34° 
O 05 on 22/6/34, and 6 5 on 6/9/34 


The improvement in the plasma protem percentage was due apparently to a high protem 
diet and to the fact that the percentage of protem m the urrne had fallen to 0 1% The plasma 
COP was 19 0 cm of water on 2/6/34, and 28 6 cm of water on 0/9/34 The case appears at 
present to be one of pure nephrosis as defined by Lexter 

The capillary permeability was studied m September, 1934 


Case 7 O S , a brass finisher of 33 years, who was in the habit of consuming 3 or 4 pints of 
beer nightly In January, 1934, the patient noticed swelling of the legs up to the knees and 
swelling of the abdomen 

On examination in November, 1934, slight conjunctival icterus, ascites, splenic enlargement, 
dilated veins on the surface of the abdomen and probably a slight decrease m the liver dulness 
were observed The legs were cedematous There were no indications of congestive heart 
failure or of renal disease Tho unne was protem free, the blood count was normal The 
Van den Bergh reaction (indirect) wns positive, and the plasma contained 1 5 units of bilirubin. 
The ascites fluid which was abundant and was tapped frequently contained 0 97 per cent of 
protem The loss of protem in tho ascitic fluid was about 6 g daily and this caused a fall in 
the plasma protem and in the plasma COP The percentage of protem in the plasma was 
5 2 on 10/12/34 and the plasma OOP was 20 5 em of water 

The case appeared to be one of hepatic cirrhosis uncomplicated bv renal disease or congestive 
heart failure, but with oedema which was m a large measure due to hvpoprotenuexma caused by 
excessive losses of protem m the ascitic fluid 

The capillary permeability was studied on 10/12/34 


Case 8 A.C , a girl aged 19, was seen first m November, 1934 The general health of the 
patient was satisfactory throughout her illness which began m 1928 with ascites which has been 
tapped at frequent intervals since The legs are swollen occasionally In 1933 a modified 
Talma Morrison operation was performed and it was observed at the operation that the mesentery 
was much thickened 

On examination ascites and oadema of the legs and sacrum were present The liver was 
1" below the costal border (at umbilical level in 1928) and the tip of the spleen was felt in 
inspiration The venous pressure in the neck was + 6 cm , but there was no dyspnoea on moderate 
exertion and the heart was not enlarged. Neither protem nor red cells were found m the urrne 
In December, 1934, the percentage of protem m a sample of ascitic fluid was 0 8% Hence 
it was calculated that protem was lost with the ascitic nuid at a rate of 3 or 4 g daily This 
rate of loss of protem m the ascitic fluid is of the same order as the rates of loss of protem in the 
urrne which are encountered m cases of glomerulo nephritis or in nephrosis The rate of loss of 
protem 13 less than that encountered in the other case of hepatic cirrhosis ( Case 7) and m conformity 
with this the plasma C O P is not so low in this patient os m Case 7 

It is thought that the condition is one of hepatic cirrhosis probably associated with ebromo 
peritonitis 

The capillary permeability was studied in December, 1934, the plasma COP at this time 
was 26 8 cm of water (normal 35-40 cm ) and the percentage of protem in the plasma was 6 2 
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THE DIETETIC FACTOR DETERMINING THE GLUCOSE 
TOLERANCE AND SENSITIVITY TO INSULIN OF HEALTHY MEN 

By H P HIMSWORTH* 

( From, the Medical Unit, University College Hospital, London) 


Variations m composition of the diet have long been recogmsed as exerting 
a profound effect upon the carbohydrate tolerance of diabetic patients, 
but only recently has attention been directed to the effeot of similar dietetic 
variations upon the carbohydrate tolerance of healthy people That 
abstention from food lowered the sugar tolerance of normal men was clearly 
recogmsed by Claude Bernard (5) but his observations, although not actually 
forgotten, did not excite a sufficient degree of interest to stimulate further 
investigation Following the discovery of insulin, however, the whole 
field of diabetic therapeutics was reconsidered, and the early recogmtion, 
by some workers, that an increase m the amount of carbohydrate and 
a decrease m the amount of fat in the diabetic patient’s diet resulted m 
an improvement m his tolerance for carbohydrates, directed enquiry to 
the effect of similar measures on the carbohydrate tolerance of normal 
subjects In 1926 Adlersberg and Porges (2) reported that a carbohydrate 
poor diet decreased, whilst a carbohydrate ncli diet increased the sugar 
tolerance of healthy men , and in the following year Sweeney (12) showed 
that starvation and fat diets impair the normal gluoose tolerance , 
carbohydrate diets improve it , whilst protein diets have an intermediate 
effect In each of the above papers, a possible connection was suggested 
between the beneficial effect of a carbohydrate nob diet on the sugar 
tolerance and the progressive improvement shown by the successive blood 
sugar ourves resulting from periodic doses of glucose The latter phenomenon 
was originally descnbed in 1919 by Hamman and Hirschman (6) but it 
is now usually referred to as the Staub-Traugott effect 

The effeot of variations in diet upon insulin action has until recently 
received little attention Abderhalden and Wertheimer (1) and Bainbndge 
(4) showed that animals were more sensitive to insulin when receiving 
a starchy diet than when they were receiving a fatty diet or were starving , 
and Tutso (13) demonstrated that the blood sugar fell more slowly in 
starving animals after the injection of a standard dose of insulin than m 
those allowed unrestricted food Hynd and Rotter (11) more recently, 


* Boifc Memorial Research Follow 
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have published results showing that there is a definite relation between 
the composition of the diet and the time after insulin injection when 
hypoglycemic symptoms occur , animals receiving a carbohydrate diet 
showed symptoms earlier than animals receiving a fat diet 

From a consideration of these results it appeared to me that a 
correlation probably existed between the effect of diet upon the sugar 
tolerance, and its effect upon the sensitivity of the organism to insulin 
On investigation, this correlation was easily demonstrated both m men 
(7) (8) (10) and animals (9) and the conclusion was reached that those 
dietetic factors which improve sugar tolerance also increase the sensitivity 
to insulin, whilst those factors which impair sugar tolerance coincidentally 
decrease the sensitivity to insulin 

The object of the present enquiry is to determine which dietetic 
component is responsible for the changes in sugar tolerance and in 
sensitivity to insulin 


Methods 

The experiments were earned out on healthy young men Before 
engaging any individual, it was ascertained that he was m good health 
and had no history of diabetes melhtus m his family 

The subject was admitted to the ordinary hospital ward and given 
the diet the effect of which it was desired to investigate All meals 
were prepared and weighed in the diet kitchen of the hospital,* and the 
consumption was checked by the ward sister The subjects followed 
the ordinary routine of a hospital ward save that they were allowed to 
go out for walks m the morning and afternoon At the end of seven 
days on any particular diet the sugar tolerance, and in some cases the 
insulin sensitivity, of the subject was tested, and then the next diet 
of the senes was started It should be noted that each particular diet 
was given for at least one week before the tests were performed 

On the day of the test, the subject took no breakfast and remained 
in bed until required He then walked to the laboratory adjoining the 
ward, seated himself m a comfortable chair and rested for half an hour 
The test was then started, and all the tests on all subjects were commenced 
within a few minutes of 10 15 a m During the test reading was encouraged 
but smoking was forbidden Care was taken that the subject was 
comfortably warm Before he was fetched from bed, the room itself 
was warmed and, when the tests were m progress, he was maintained 
comfortably warm by appropriate adjustments of clothing No test was 

started until the ear was warm to the touch 

The glucose tolerance was ascertained by the effect of 50 grams 
of glucose on the blood sugar The glucose was dissolved in 300 cc 
of cold water, flavoured with citnc acid and essence of lemon and was 


* I am indebted to Jfiss E M. Marshall for the control of these diets 
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taken by mouth Before ingestion, three samples of blood were taken 
for the deter min ation of the resting blood sugar level, and after the 
glucose had been swallowed blood samples were taken at 10 minute 
intervals for three hours The taking of samples was timed by a stop 
watch to the nearest quarter minute 

The sensitivity to insulin was determined by the effect of the 
intravenous injection of 3 units of crystalline insulin solution * Before 
the injection, four blood samples were taken to ascertain the level of 
the resting blood sugar, and after the injections samples were obtained 
first at 1J minute and later at 2 minute intervals 

The blood sugar estimations were earned out by the Hagedorn-Jensen 
method on 0 1 o c of whole blood The blood samples were taken directly 
into the pipette from the freely flowing blood from a puncture of the 
lobe of the ear The details of the actual technique for obtaining reliable 
samples of capillary blood have been described elsewhere (8), and it 
will suffice here to indicate the degree of accuracy attained A subject 
was taken who was habituated to the technique of the sugar tolerance 
curve He was prepared m the usual way and was under the impression 
that he was to undergo the ordinary test But instead of a solution 
of 60 grams of glucose, he was given to dnnk a similarly flavoured solution 
of sacchanne, and samples were taken in the usual way for 90 minutes 
The result is shown m the lowest curve in Fig 1 In twelve separate 
samples the blood sugar level varied only from 97 to 100 mg /100 c c 
It is justifiable, therefore, to regard variations m the blood sugar level 
of more than 4 mg /100 c c as significant of an aotual change m the 
sugar content of the blood 

Extraneous factors influencing the sugar tolerance and sensitivity to 
msuhn are theoretically many but in this investigation there are only 
two such factors liable to produce erroneous results The first is the 
chance occurrence of intercurrent mfeotions, and the second is through 
the subject not adhering to the diet 

Infection impairs sugar tolerance and insulin sensitivity, and on 
more than one occasion detection of this impairment has resulted m 
the discovery that the subject had an infection For example, one 
subject who showed an unexpected impairment of tolerance admitted 
that he had toothache during the test and twenty-four hours later he 
had developed all the physical signs of an alveolar abscess The rule 
adopted m these cases was, if mfeotion were discovered to discard the 
experiment and to repeat the test later when the subject’s health was 
undoubtedly normal , but if no signs or symptoms of infection could 
be elicited, the test was accepted It is surprising how difficult it is 
to keep a normal person free from mild infection for several weeks m 
a hospital ward 

* I am indebted to Dr J W Trevnn of the Wellcome Physiological Research Laboratories 
for a sterile solution of orystalline msuhn assayed at 10 units per c o 
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As far as could be ascertained, all the subjects adhered to the diet 
Its consumption being checked, the only possibility of error lay m the 
surreptitious supplementing of the diet To some extent such a possibility 
was detectable On the least palatable diet, that containing little 
carbohydrate and much fat, ketonuna oocurred, and this was tested 
for w all the unne specimens passed The eating of extra carbohydrate, 
whilst this diet was being taken, was known to result in a sudden 
disappearance of the ketonuna, but no such disappearance ever occurred 
m the mines of our subjects If the unpalatable diet were adhered to, 
it is probable that the more palatable diets were not broken 


The comparison of blood sugar tolerance curves and insulin depression curves 

JTo satisfactory method has hitherto been proposed for comparing 
different blood sugar tolerance curves Some authonties take as their 
critenon the height of the peak of the curve, others the time after glucose 
ingestion that the peak occurs, and yet others the time required for the 
blood sugar to fall back to within certain arbitrary “ normal ” limits 
These cntena are demonstrably unsound If a senes of curves is obtained, 
each curve under exactly the same conditions from the same individual, 
it will be found that great vanations occur m the height and time of 
the peak, and considerable variation in the time of return of the blood 
sugar to “ normal ” levels Of these three cntena, the latter is the 
most reliable but none are sufficiently acourate for the present purpose 
A new method of companson was, therefore, sought, and on the basis 
of vanous theoretical considerations, a cntenon was elicited which proved 
satisfactory The cntenon was the area enclosed by the blood sugar 
curve above the resting level from which it started 

A reference to Tigs 1, 2, 3 and 6 will show that there is a great 
variation m the time taken by the different blood sugar curves to return 
to the resting level It was necessary, therefore, to decide at what time 
the curves should be terminated so that the areas traced out up to this 
point could be compared The time chosen was the shortest time taken 
by any curve of the senes to return to the resting level This time 
would appear to offer a more natural point of termination for companson 
of the curves than an arbitrary time limit chosen by the investigator 
All the other curves were, therefore, cut short at this time and companson 
made between the areas thus demarcated For example, m Fig 2, the 
earliest time that any curve in this senes returns to the resting level 
is at 108 minutes A vertical line is drawn at this point to cut the other 
curves of the senes and the areas compared are those bounded above 
bv the blood sugar curve up to the point where it is out by the vertical 
line, below by the resting blood sugar level up to the vertical hne, and 
to the nght by the vertical hne from the point of section by the blood 
sugar curve to its rectangular junction with the resting blood sugar hne 
The same method of companson is exemplified m Figs 4 and o 
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The areas thus measured are expressed m “ milligramme-minutes ” 
(mg /mins ) 

TABLE I 


Table shounng constancy oj the area demarcated by the sugar tolerance curve when a constant diet 
te being taken 


Subject 

Diet 

Area of glucose tolerance 
in mg /mins 

No 

Corb 

Prot 

Fat 

M 

1 

55 

SS 

202 

11,060 


2 

II 



13 690 


3 

060 

SO 

42 

5,590 


4 

1* 

II 

•• 

5,400 

B 

1 

55 

90 

100 

11,930 


2 

1 

II 

II 

10 600 


3 

000 

00 

42 

4,100 


4 

II 

If 

II 

4,560 

C 

1 

50 

87 

255 

10,800 


2 

II 

II 

.. 

11,100 


3 

II 

II 

1 

10,760 


Subjeot M TI 10 curves were taken at consecutive intervals of ton days 

Subjeot B Curves 1 and 3 were separated by an interval of one week The subject then 
left hospital for ten days One week after lus return curve 2 was obtained and 
one week after this curve 4 

Subjeot C Curves 1 and 2 were separated by one week Curve 3 was obtained after the 
subject had taken the same diet for the week following his return to hospital 
after an absence of six weeks 

Subjeots Hf, B and C were not used in the investigation reported m this paper but data 
obtained from them in a previous Benes of experiments were used to construct the above table 

When this method of comparison was deduced data were available 
from previous experiments which permitted its application The results 
are shown m Table I It will be seen that for the same subject taking 
the same diet the areas of separate sugar tolerance curves measured 
m the above manner are remarkably oonstant It is worthy of note 
that none of the curves shown m Table I were taken m daily sequence, 
and indeed, some were separated by intervals as long as six weeks With 
the more expert teolinique used m the senes of expenments m the present 
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paper, the constancy is even more remarkable, as can be seen m Table VI 
adopted Strengfch ° f th6Se reSUlt8 the m6th0d ° f com P anson b 7 areas was 

The comparison of the insulin depression curves was made in a 
8 ' T Th ® ongmally chosen at which the area traced out 

should be marked off was the time at which the blood sugar commenced 
to return to normal In the experiments m which this time could be 
taken the results showed good correspondence, but for the following reason 
this time limit could not be applied to all cases With the small doses 
of insulin used, the curve of depression of the blood sugar from the resting 
level to the depth of the hypoglycemic trough is not always a smooth 
sweep down often it is interrupted by many small elevations so that 
the curve oscillates In these cases the position of the Trtn.Ynrmm depth 
of the trough is not easy to determine It was, therefore, thought 
advisable in such cases to take an arbitrary line which terminated the 
insulin curves at a point where they were still smooth Tig 7 shows 
a senes of insulin depression curves from Subject I all terminating at 
16 minutes after the intravenous injection of insulin Such curves are 
demarcated above by the hne of the resting blood sugar level, to the 
right by the vertical hne at 16 minutes dropped to cut the blood sugar 
depression curve, and below by the blood sugar depression curve itself 

Termination of the curve at an arbitrary time limit is undoubtedly 
artificial and it is not surprising that the areas thus obtained evince 
discrepancies on comparison But these discrepancies are slight and do 
not affect the significance of the comparison In those insulin depression 
curves m which the termination tame can be decided naturally as the 
time at which the blood sugar commences to return to normal levels, 
such discrepancies almost disappear, so that in any particular subject 
the insulin depression area remains practically constant if the experimental 
conditions remain unaltered Tor example, m one subject on a fixed 
diet the insulin depression area on two occasions, separated by an interval 
of one week, was 366 and 380 mg /mins It may, therefore, be concluded 
that the method of expressing insulin depression curves in terms of the 
areas demarcated yields data which are capable of accurate comparison 

The absolute value of the areas traced out m different subjects by 
the individual curves obtained on the same diet vanes greatly Each 
individual appears to have his own charactenstic area for a particular 
diet Tor this reason only curves obtained on the same subject may 
be compared 

To obtain the areas, the blood sugar values were charted and the 
points connected by Bmooth curves Trench drawing ourves being used 
for the purpose A consideration of the figures m this paper will show 
that the nse and fall of the blood sugar occurs m a smooth manner and 
justifies the connection of the points by curves rather than straight hnes 
The curve being charted, the area to be taken into consideration was 
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demarcated m the manner described, and then measured by means of 
a plammeter 


Results 

The influence of the composition of the diet on the glucose tolerance 

In Eig 1 are shown two glucose tolerance curves from the same 
individual The upper curve (glucose curve, Diet 1) indicates subnormal 
tolerance and was obtained when the subject was taking a low-carbohydrate 
high-fat diet , the lower curve (glucose curve, Diet 7) indicates supranormal 
tolerance and was obtained when a high-carbohydrate low-fat diet was 
being taken The object of the first part of the investigation was to 
detect the particular dietary factor responsible for this ohange m tolerance 



Fig 1 Three blood sugar curves from subject I The curve on Diet 1 shows the effect of a 
low-carbohydrate high fat diet on the glucose tolerance curve produced by oral 
administration of 50 g of glucose , the curve on Diet 7 shows the effect of a high 
carbohydrate low fat diet The saccharine ourve shows that no rise of blood sugar occurs 
after drinking a solution of saccharine and also demonstrates the accuraoy with which 
blood sugar estimations were made 


Rive possibilities present themselves The determining factor may 
be either a ohange in the calory value, or the amount of protein, or 
the amount of carbohydrate, or the amount of fat, or the ratio of fat 
to carbohydrate m the diet The first set of experiments was devised to 
determine whether the calory value or the amount of protein m the 
diet influence the tolerance To this end a senes of seven diets was 
constructed as shown m Table II The amount of protein and the 
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calory value of the diet were maintained constant throughout the series, 
but the composition of the diets ranged from a low-carbohydrate high-fat 
diet (Diet 1) to a high-carbohydrate low-fat (Diet 7) Proceeding 


TABLE II DIETS (SERIES 1) 


Diet No 

Composition 

Calories 

Garb 

Prot 

Fat 

1 

50 

SO 

240 

2,680 

2 

i 125 

80 

207 

2,680 

3 

200 

80 

173 

2,680 

4 

275 

80 

140 

2,680 

5 

360 

80 

107 

2,680 

0 

425 

80 

73 

2,680 

7 

500 

80 

40 

2,680 


E 

ts 

05 

S» 

tO 

Tt 

O 

o 

fO 


Fig 2 The seven glucose tolerance curves produced m subject I as a result of giving the seven 
diets in Table II 

from Diet 1 to Diet 7 each diet of the sequence differed from the preceding 
one by an increment of 75 g of carbohydrate and a decrement of 33 g 
of fat , so that in consecutive curves the carbohydrate increases whilst 
the fat decreases 
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This senes of diets was tested on three normal subjects Subject I 
received each of the seven diets on consecutive weeks but subjects II 
and III were given only Diets 1, 3, 5 and 6 Dig 2 shows the senes 
of tolerance curves from subject I and Fig 3 the senes from subject III 
Table III gives the areas for the three subjects marked out by the glucose 



Fig 3 The glucose tolerance curves of subject HI obtained when Diets Nos 1, 3, 5 and 0 of 
Table If were given 


TABLE m 

Table showing the effect on the glucose, *n three normal subjects, of giving the diets of Table II 


Diet No 

Area of glucose toleranoe curve in mg /mins 

Subjeot I 

Subject II 

Subject HI 

1 

6,833 

*8,730 (?) 

12,610 

2 

3,786 

— 

— 

3 

3,660 

6,860 

7,620 

4 

2,850 



5 

2,767 

6,126 

6 715 

6 

1,816 

4,850 

4,130 

7 

1,138 


— 


* The curve corresponding to Diet 1 was, in this subject, technically unsatisfactory For 
this reason m calculating the points for Fig 8 the tolerance area for Diet I has been calculated 
from the tolerance area on Diet 3 as 11,260 mg /mins 
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tolerance curve corresponding to each diet and m Fig 4 the effect of this 
sequence of diets on the tolerance is demonstrated more clearly by plotting 
the respective tolerance areas (ordinate) against the carbohydrate content 
of the diet (abscissa) The area, of course, might equally well have been 
charted against the fat content of the diet or the fat-carbohydrate ratio 
of the diet 

The results shown m Figs 2, 3 and 4, and m Table in show that, 
despite the fact that the protein content and calory value of each diet 
of the senes have been maintained constant, the glucose tolerance curves 



too 200 300 400 500 

grammes of Carbohydrate in Diet 


Fig 4 Curves showing the relationship between the glucose tolerance area and the composition 
of the diet in subjects I, H and m as determined by giving the diets of senes 1 (Table H) 


show the charactenstio improvement as the diet changes from a low- 
carbohydrate high-fat diet to a high-carbohydrate low-fat diet The factor 
determining glucose tolerance is, therefore, neither the protein content 
nor the calory value of the diet 

Three possibilities now remain to explain the improvement in tolerance 
on this senes of diets The determining factor may be either the increase 
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m the carbohydrate content, or the decrease in the fat content or the 
change m the fat-carbohydrate ratio of the diet The decision as to 
which of these three possibilities is the determining factor was revealed 
by investigating the effect of the fat-oarbohydrate ratio 

Two senes of diets were now devised m each of whioh the fat- 
carbohydrate ratio was kept constant In both the protein was also 
maintained constant In senes 1a (Table IV) the fat-carbohydrate ratio 


TABLE IV DIETS (SERIES U) 


Table showing the diets used in the proof that the glucose tolerance improves as the diet changes 
from a low -carbohydrate high fat diet to a high carbohydrate law fat diet even if the ratio of 
calories derived from fat 


calories derived from carbohydrate 


-remains constant 


Diofc No 

Composition 

Calories 

Ratio 

fat calories 

Area of 

glucose tolerance 
curve (mg /mins ) 

Curb 

Prot 

Fat 

carb calories 

la 

100 

80 

i 

87 

1,600 

1 00 

7,060 

2a 

160 

80 

132 

2,100 

1 00 

6,605 

3a 

200 

80 

173 

2,080 

1 00 

4,470 

4a 

300 

80 

260 

3 860 

1 06 

3,460 


was high, i e , the diets approximated to the low-carbohydrate high-fat 
type, whilst in senes 1b (Table V) the ratio was low, the diets approximating 


TABLE V DIETS (SERIES 1b) 


Table showing the diets used in the proof that the glucose tolerance improves as the diet changes 
from a low carbohydrate high fat diet to a high-carbohydrate low fat diet even if the ratio of 
calories derived from fat 


calories derived from carbohydrate 


■remains constant 


Diet No 

( 

Composition 

Calories 

Ratio 

fat calories 
carb calories 

Area of 

glucose tolerance 
curve (mg/mins ) 

Carb 

Prot 

Fat 

16 

313 

80 

02 

2 400 

0 68 

4,430 

26 

437 

80 

128 

3,200 

0 68 

4,170 

36 

555 

80 

163 

4,000 

0 68 

2,605 


to the high-carbohydrate low-fat type Each senes formed a sequence 
so that each consecutive diet differed from its predecessor by the addition 
both of a definite amount of carbohydrates and of the equicalonc amount 
of fat required to keep the ratio constant Subject IV received senes 
1 a, subject V senes 1b If the fat-carbohydrate ratio is the determining 
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factor then it being maintained constant the sugar tolerance should 
remain constant m each senes of diets The nght-hand column m Table IV 
gives the glucose tolerance areas obtained from subject IV, when t aki ng 
the diets m senes 1a, whilst the corresponding column m Table V shows 
the tolerance areas found in subject V when the diets of senes 1b were 
given In Fig 5 these areas are charted against the carbohydrate content 
of the diet 



Fig 5 Two curves showing the relationship between the glucose tolerance area and the 
amount of dietary carbohydrate in subjects XV and V when the senes of diets given had 
a constant fat oalones/carbohydrate oalones ratio (Tables TV and V) 

It will be seen on comparing Figs 4 and 5 that the tolerance improves 
m the same manner as m the previous set of expenments although the 
fat-carbohydrate ratio has been kept constant The fat-carbohydrate 
ratio thus has no influence on the sugar tolerance The deoision between 
the two remaining possibilities can be made from the data already 
available 

The first set of expenments (Figs 2, 3 and 4, and Table II) had 
permitted the conclusion that three possibilities remained Of these three 
possibilities only two now remain for consideration Either the determ ining 
factor is the increase of carbohydrate m the diet or the decrease, of iat 
m the diet In the senes of Diets 1a and 1b, not only the carbohydrate 
but the fat increased m each diet and yet despite the increasing fat 
content the tolerance improved on each successive diet Decrease m 
the amount of fat thus cannot be the factor determining the improving 
tolerance m the first set of expenments The increase m the absolute 
amount of carbohydrate m the diet is the only factor common to both 
sets of expenments and this, therefore, must be the determining factor 



DIET AND GLUCOSE TOLERANCE 


79 


Tins conclusion may be put to a crucial test K a senes of diets 
is constructed with constant carbohydrate but increasing fat content 
then if the above conclusion is correct the tolerance should be exactly 
the same on each diet of this senes Such a senes is shown m Table "VT 
(senes lo) The tolerance curves for these three diets are shown m Fig 6 



Fig 6 Three curves from subject TV showing that if the carbohydrate content of the diet 
is kept constant then, despite progressive increase m the fat, the glucose tolerance also 
remains constant (see Table VI) 

and the tolerance areas are given in the nght-hand column of Table VT 
It will be seen that the sugar tolerance is exactly the same on each of 
the three different diets 


TABLE VI DIETS (SERIES lo) 

Table showing that the glucose tolerance area remains constant despite changes m the fat content 
of the diet promded that the carbohydrate content of the diet * s maintained constant 


Diet No 

Composition 

Calories 

Area of 

glucose tolerance 
curve (mg/mins ) 

Carb 

Fret 

Fat 

lc 

260 

80 

100 

2,220 

3,600 

2c 

250 

80 

200 

3,120 

3,527 

3c 

250 

80 

300 

4,020 

3,534 


The results of this investigation may thus be summansed in the 
conclusion that the sugar tolerance of a healthy individual is determined 
solely by the carbohydrate content of the diet received 
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The influence of the composition of the diet on the sensitivity to insulin 
It lias been stressed m previous papers (7) (8) (9) (10) that those 
diets which improve the sugar tolerance simultaneously increase the 
sensitivity of the organism to insulin, and that those diets which impair 
sugar tolerance similarly decrease the sensitivity to insulin The proof, 
which has just been given, that the amount of carbohydrate m the diet 
is the sole factor determining the sugar tolerance of a healthy individual 
suggests, therefore, that variations m the amount of dietary carbohydrate 
may have a significant effect upon the healthy individual’s sensitivity 
to insulin On investigation this suggestion was found to be justified 
In judging variations m insulin sensitivity the significance of two 
factors m the insulin depression curve should be appreciated The first 
is the length of time after the intravenous injection of insulin before 
any fall m blood sugar is detectable this I have referred to as the latent 
period (7) (8) (9) (10) The second is the rate of fall of blood sugar after 

TABLE VTL 


Table showing (he effect of increasing the dietary carbohydrate on the latent period and the insulin 
depression area of subject I The diets are the same as tn Table II 


No 

Diet 

Latent period , 

mins 

Area of insulin 
depression curve 

rog/mins 

Corb 

Prot 

i 

Fat 

1 

60 

i 80 

240 

7 

30 

2 

125 

80 

207 

o 

54 

3 

200 

i 80 

173 

4-5 

07 

4 

275 

80 

140 

4 

110 

. 

6 ! 

350 | 

80 | 

107 

3-4 

130 

l 

0 

425 

80 

73 

2 

162 

7 

500 

I 

80 

40 

2 

164 


the fall has commenced It is important to realise that m a subject 
receiving a constant diet the length of the latent period is independent 
of the dose of insulin and secondly that above a certain maximum dose 
of insulin, about 5 umts, the rate of fall of the blood sugar also is 
independent of the dosage The only factor which can alter either the 
latent period or the rate of fall is change in the sensitivity of the subject 
to insulin (8) (9) (10) For doses of insulin below 5 units the rate of 
depression of the blood Bugar is not maximal but with the same dose 
of msuhn the rate remains constant provided the composition of the 
diet is also maintained constant Now the length of the latent period 
and the rate at which the blood sugar falls up to a fixed point m time 
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determine the area enclosed by the depression curve below the resting 
level The activity of a standard dose of insulin in an individual may 
thus be expressed quantitatively by the insulin depression area and as 
the latent period and the rate of fall remain constant if the diet is fixed 
then naturally the area remains constant For example in one subject 
on a fixed diet the insulin depression area on two occasions, separated 


|nsultn 3 units. 
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Fig 7 Seven insulin depression curves, after injection of 3 units of crystalline insulin solution 
intravenously, obtained from subject I by giving Diets Nos 1 to 7 of Table II 


by an interval of one week, was 366 and 380 mg /nuns Further examples 
of this constancy can be found, if required, in my papers referred to above 
Thus if a subject is given a series of diets of varying composition and. 
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on each, his insulin sensitivity is tested by the response to a standard 
dose of insulin, change m the duration of the latent period and change 
in the rate of depression 15111 reveal change m insulin sensitivity, and 
this may be expressed quantitatively by comparing the different insulin 
depression areas The relation of insulin sensitivity to changes m dietary 
composition was tested on subject I This subject was given the senes 
of diets shown m Table II and at the end of each week an insulin depression 
curve was obtained, and next day a sugar tolerance curve In this senes 
of diets it will be remembered that the protein content and calory value 
of each diet is maintained constant whilst m each succeeding diet the 
carbohydrate content is increased by a constant increment whilst the 
fat content is decreased by equicalonc decrement The results from this 
set of expenments are shown in Table VUL and m Figs 7 and 9 

Table 7 shows that the latent penod shortens, and the insulin depression 
area increases as the carbohydrate content of the diet increases In Fig 7 
it can also be seen that with the shortening latent penod the rate of 
depression of the blood sugar increases The correlation between change 
m the amount of carbohydrate m the diet and change m the individual's 
insulin sensitivity is expressed as a curve in Fig 9 by charting the insulin 
depression areas against the carbohydrate content of the corresponding diet 

It may, therefore, be concluded that the sensitivity to insulin of a 
healthy individual is determined by the carbohydrate content of the diet 

Note — The seven insulin depression curves obtained on subject I were not altogether 
satisfactory The first experiment passed oft smoothly until hypoglycsemio symptoms sefcin 
The subject then fainted, apparently from sheer surprise This had the unfortunate effect 
in the second experiment (curve on Diet 2, Fig 7) of rendering the subject extremely apprehensive 
and I am of the opinion that the surprisingly small fall of blood sugar obtained in this test may 
largely he explained by the subject’s extreme nervousness However, the third experiment 
passed off without untoward event and m the re main i n g four investigations the subject was 
quite nonchalant and read s newspaper the whole time But apart from these accidents there 
,b another ground for dissatisfaction In this senes the fall of blood sugar was never smooth 
hut always somewhat irregular and with such curves the areas cannot he compared with the 
same degree of accuracy as when the fall of the curve is smooth 

Discussion 

The relation between the carbohydrate content of the diet and the area of the 

glucose tolerance curve 

The preceding results demonstrate that the glucose tolerance of a 
healthy individual is determined solely by the carbohydrate content of 
the diet received and it would appear profitable, in view of the decisive 
nature of this demonstration, to enquire further into this relationship 
Fig 4 shows that, m each of the three subjects, the curve expressing 
the relationship between the carbohydrate content of the diet and the 
glucose tolerance area, is of the same type It is S shaped in form As 
the amount of dietary carbohydrate is increased from 50 g to about 
150 g there is a steep fall in the curve indicating a marked improvement 
m tolerance , with further increase of carbohydrate from 150 g to 350 g 
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the curve becomes almost horizontal as improvement in tolerance is 
relatively shght , but then, when the carbohydrate is raised from 350 g 
to about 450 g , a second sharp fall in the curve occurs as the tolerance 
shows a second phase of well-defined improvement That this form of 
curve is not an artefact dependent on a particular sequence of diets is 
shown by Fig 5 Here are shown two half curves, from two different 
subjects, resulting from diets differing considerably from the first senes 
The curve for subject IV was obtained from the tolerance on diets 
containing between 100 g and 300 g of carbohydrate and is m every 
respect similar to that part of the ourves in Fig 4 for the same 
carbohydrate range The curve for subject V resulted from diets ranging 
from 313 g to 555 g of carbohydrate and this again corresponds in form 
to that portion of the curves m Fig 4 dependent on the same changes 
m dietary carbohydrate This latter curve is of especial importance as 
it negatives the suggestion that the great improvement in tolerance found 
m the other subjects when the dietary carbohydrate was increased from 
50 g to 150 g can be explained m part, by the presence of initial 
nervousness adversely affecting the first tolerance curve and the absence 
of nervousness producing a disproportionately good result m the second 
curve If this contention were correct then the factor of nervousness 
should produce a noticeable difference between the first and second curves 
taken on a senes of diets the first and second diets of which had a 
carbohydrate content corresponding to the horizontal part of the ourves 
m Fig 4 Subject V was given such a senes of diets and it will be seen 
from Fig 5 that the first and second tolerance areas he on a practically 
honzontal line The form of the curve Bhown in Fig 4 is, therefore, 
not an artefact but a real expression of the relationship of two variables 
For convenience the term “ Determination curve of glucose tolerance ” 
is proposed for these curves 

The similanty in form between the determination curves of glucose 
tolerance for all five subjects is suggestive that a common basis of 
expression might be found for all curves m such form that one curve 
might be constructed which would express for all healthy subjects the 
relationship between glucose tolerance and dietary carbohydrate 

The first attempt to achieve this object was made by expressing the 

tolerance areas obtained on the different diets m ratio to the tolerance 

area obtained on the diet containing 50 g of carbohydrate This ratio, 

tolerance area on 50 g of carbohydrate , _ _ , . , 

: =- 2 — 7 , — — where X is any fixed amount of 

tolerance area on X g of carbohydrate 

carbohydrate, was speedily found to vary greatly m different subjects, 
and it was soon realised that the data available did not permit the 
expression of the areas m different subjects as any function of the 

absolute area It appears that each subject has his own characteristic 

tolerance area corresponding to each definite amount of carbohydrate , 
and that although the tolerance areas is constant m each subject for 
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any particular amount of dietary carbohydrate, yet the absolute extent 
of the area is determined by unknown factors peculiar to the individual 
The basis of similarity between the determination curves of glucose 
tolerance lies m similarity of variation The curve itself is an expression 
of the change of glucose tolerance m relation to change m the carbohydrate 
content of the diet, and an attempt was therefore made to compare 
the relative changes in tolerance m different individuals subjected to 
the same range of dietary variation He carbohydrate content of the 
diets m the majority of our dietaries ranged from 50 g to 425 g of 
carbohydrates, and the change m tolerance corresponding to this range 
was taken as a 100 % change It should be remembered that the greater 
the tolerance area the worse the glucose tolerance and that a decrease 
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Fig 8 The determination curve of glucose tolerance expressing the relationship between 
improvement in glucose tolerance and the amount of carbohydrate im the diet for subjects 
I, II, HI, IV and V The determination curve of insulin sensitivity is exactly similar 


m tolerance area signifies an improvement of tolerance The decrease in 
area from that corresponding to 50 g of carbohydrate and the area resulting 
from a diet containing any other amount may be expressed as a percentage 
of the total decrease in area between the tolerances on the diets containing 
60 g and 425 g of carbohydrate respectively For example, in subject I 
the calculation was as follows 

Area on diet containing 425 g carbohydrate = 1,815 mg /mins 
„ „ „ „ 50 g „ = 6,833 mg /mms 


50 g 


Change m area from 
aiea on diet 


37 


39 


= — 5,018 mg /nuns = 100% 
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Area on diet containing 200 g carbohydrate = 3,560 mg /mins 


Change in area from 

area on diet „ 60 g „ = — 3,273 mg /mins 


q 07 Q 

Percentage change = ’ _ x 100 = 65% 

-5,018 


Expressing the results obtained in subjects I, II and III in this 
manner and plotting these percentage changes m tolerance against the 
corresponding amounts of dietary carbohydrate the curve shown in Fig 8 
was obtained Although it is obvious that this curve is far from exact, 
it probably gives a tolerably good idea of the general relationship between 
change in glucose tolerance and change in carbohydrate content of the 
diet This contention derives considerable support from the fact that 
it is possible by means of this general glucose-tolerance determination 
curve to calculate the percentage change m tolerance found m the two 
subjects IV and V who were not submitted to the full range of dietary 
change from 60 g to 426 g of carbohydrate (Tables IV and V, and Fig 5) 

Thus, for example, in subject IV the dietary carbohydrate was as 
follows 1st diet 100 g , 2nd diet 150 g , 3rd diet 200 g , 4th diet 300 g 
From the curve 100 g carbohydrate corresponds to 48% improvement m 

tolerance from 50g 
carbohydrate 


„ „ 150 g „ „ „ 60% improvement m 

tolerance from 60g 
carbohydrate 

% change in tolerance between 100 g and 150 g = 12% 

In subject IV change m area between 100 g and 150 g = 1,545 mg /mins 


1% change m tolerance corresponds to 


1,545 

12 


mg /mins change in area 


= 128 7 mg /mins change m area 
In subject IV change in area between 100 g and 200 g = 2,580 

2,580 g/ Q . 

» » » »> » » » — jgg 7 


i e , percentage change in tolerance corresponding to change m the 
carbohydrate quantity of the diet from 50 g to 200 g = 48% + 20% = 68% 
and according to the curve of Fig 8, a diet of 200 g carbohydrate 
corresponds to 65% improvement m tolerance Tins correspondence m 
results demonstrates that the general determination curve of glucose 
tolerance is sufficiently exact to permit the prediction with some degree 
of accuracy of the change m sugar tolerance which will occur as a result 
of a change in the amount of dietary carbohydrate 

There are not sufficient data as yet to permit conjecture as to the 
general significance of the form of the curve, but comment may be made 
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on one part; of it As the amount of carbohydrate presented to the body 
for metabolism falls below 100 g per day the tolerance rapidly declines 
The shape of the curve m this region suggests that it will run to asymptote 
along the ordinate, so that a comparatively small decrease below 60 g 
of the amount of carbohydrate utilized m the body will result m a great 
decrease m tolerance and the glucose tolerance curve will become frankly 
diabetic m type The high and prolonged blood sugar tolerance curve 
of the diabetic may thus be explained on the grounds of the deficient 
utilization of carbohydrate by these patients It will further be noticed 
that the decrease of carbohydrate utilization required to change the 
relatively impaired normal tolerance corresponding to 60 g of dietary 
carbohydrate into the grossly impaired tolerance of the diabetic is 
surprisingly small In view of this observation an explanation of the 
sudden onset of diabetic symptoms may be deduced from the curve 
If m a given individual the utilization of carbohydrate is becoming 
restricted at a uniform rate, the subject will be unaware of anything 
amiss until the utilization falls below the amount corresponding to an 
intake of 60 g of exogenous carbohydrate each day Erom this pomt 
onwards, although the utilization of carbohydrate may continue to be 
restricted at the same uniform rate, the tolerance will show rapidly 
progressing impairment Pathological hyperglycsmia and glycosuria will 
ensue relatively suddenly with the consequent sudden appearance of the 
dependent symptoms of thirst and polyuna It appears, therefore, that 
the division between diabetic and normal sugar tolerance is a great deal 
narrower than has been suspected, and that sudden appearance of symptoms 
of diabetes mellitus m man does not necessarily indicate an exacerbation 
of the disease processes 


The correlation betioeen change in glucose tolerance and change in insulin 

sensitivity 

Experiments have been presented which show that there is a definite 
relationship between the composition of the diet and the sensitivity of 
an individual to insulin, and m Pig 9 this relationship has been expressed 
as a curve by charting the insulin depression areas for subject I against 
the carbohydrate content of the corresponding diets This curve may 
be termed the “ Determination curve of insulin sensitivity ” and it will 
be seen it is of the same shape as the determination curve of glucose 
tolerance The two curves, however, have an opposite direction, so that 
whilst the determination curve of insulin sensitivity has its concavi y 
directed towards the abscissa, the determination curve of glucose 
tolerance has its convexity in this direction Obviously this results 
because improvement m glucose tolerance is shown by decrease in area 
whilst improvement m insulin sensitivity manifests itself as increase in area 

In the previous section it has been shown that by expressing the 
changes m glucose tolerance area, not as absolute units, but as percentage 
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change in area, it is possible to reduce the determination curves of glucose 
tolerance for all subjects to a common basis and obtain one curve 
expressing, for normal individuals, the relationship between change m 
glucose tolerance and change m the composition of the diet In exactly 
the same way any change m the area of the insulin depression curve 
may be expressed as a percentage of the total change and a curve 
constructed which will express, for all healthy subjects, the relation 
between change m insulin sensitivity and change in composition of the 
diet The general determination curve of insulin sensitivity thus constructed 
is in every way the same as the general determination curve of glucose 
tolerance m Fig 8 
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Fig 9 Tho determination curve of glucose tolerance and the determination curve of insulin 
sensitivity for subject I determined by giving the senes of diets m Table II 


The exact agreement of these two curves indicates that there is a 
definite correlation between change m insulin sensitivity and change m 
glucose tolerance and this view is further strengthened by a consideration 
of Fig 9 m which are charted both the glucose tolerance and the insulin 
sensitivity curves for the same subject The correlation is expressed 
in Fig 10 where the percentage improvement m glucose tolerance is 
charted against the percentage improvement in insulin sensitivity for 
the corresponding diet The points thus derived fall approximately on 
a straight line inclined at an angle of 45° to the abscissa 

Data from three normal subjects have been used m the construction 
of Fig 10, and different doses of insulin have been taken as the standard 
dose m each Thus m subject I the insulin dose was 3 umts, in subject M 
5 umts, and m subject C 2J umts Yet the points from all three subjects 
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fall on the same straight line It appears, therefore, that change in 
diet produces the same percentage change in insulin sensitivity whatever 
the standard amount of msuhn taken as the test dose The conclusion 
is thus reached that change m msuhn sensitivity consequent upon change 
m the amount of dietary carbohydrate is independent of the dose of 
msuhn 

The significance of this conclusion is clarified by the consideration 
of some results which have already been published (8) These show that 
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10 Chart showing the relationship between improvement m glucose tolerance and 
improvement m insulin sensitivity The discs show the points derived from experiments 
on subject I in which 3 units of insulm was owed ns the standard dose , tiie cirdes, the 
two points available from the data on subject M in which 6 units was the standard dose , 
and the half circle— half -disc, one point available from subject C in which 2J imits of msuhn 
was the standard dose used The point corresponding to the erroneous insulm depression 
curve obtamed on Diet 2 from subject I is omitted 


above a certain maximum dose of msuhn, which is about 5 
m the msuhn dose produces neither a shortening of the latent period 
during which the blood sugar remains constant after injection, nor 
acceleration of the fall of blood sugar once it has commenced Larger 
doses merely increase the length of time that the blood sugar is maintained 
SZTlevI With doses below 5 irnts oJ insulm unman, d 
up to the 5 unit maximum results in acceleration of the ra 
the blood sugar and possibly shortens slightly the latent P enod / ^ f °^ 
any particular constant dose a subject receiving a "^J of the 

standard amount of carbohydrate shows always a latent period of th 
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6iiinc time and a depression of the blood sugar of the same rate One 
factor only is capable either of shortening the latent period or accelerating 
the rate of blood sugar fall This factor is the sensitivity of the organism 
to insulin It is determined by the amount of carbohj^drate in the diet 
and its development is independent of the dose of insulin used It is 
thus manifest that the efficiency of insulin m a particular individual 
is governed by the independent factor of sensitivity to insulin, and that 
to this factor must be assigned a role of considerable significance m 
carbohydrate metabolism 

The question now arises as to the accuracy with which the straight 
lino in Fig 10 expressed the relationship between change m insulin 
sensitivity and change m glucose tolerance As this relationship is shown 
by a straight line inclined at 45° then it can be deduced that equal 
changes m insulin sensitivity are associated with equal changes m glucose 
tolerance Tins deduction, if correct, means that if the sugar tolerance 
areas corresponding to several diets and the insulin depression areas for 
tw o of these diets are known in one individual, then the insulin depression 
areas corresponding to each one of the series of diets may be calculated 
The requisite data and the results of this calculation are given m Table VIII, 
and it will bo seen that the calculated insulin depression areas agree 
closely with the actual areas determined experimentally In view of 
this agreement between the calculated and the observed results it may 
be concluded that the correlation between change in insulin sensitivity 
and change in sugar tolerance is accurately expressed by a straight line 
inclined at an angle of 46° 

TJus correlation permits important deductions to be made with 
regard to the nature of the glucose tolerance curve 

Zuntz and la Barre (14) have shown that a nse of blood sugar is 
an adequate stimulus to the secretion of pancreatic insulin In each 
sugar tolerance test, therefore, the hyperglycemia, following oral glucose, 
will evoke a secretion of pancreatic insulin which will manifest its action 
by restricting the nse of blood sugar to the limits revealed by the blood 
sugar curve At first sight this work would appear to offer an easy 
explanation of the improving tolerance consequent upon increase of 
dietary carbohydrate, for it could be postulated that the secretion of 
endogenous insulin is progressively facilitated by diets containing increasing 
amounts of carbohydrate so that the hyperglycemia following glucose 
ingestion is proportionately restricted But it is obvious from a 
consideration of Fig 9 that the increasing sensitivity of the individual 
to insulin must play a considerable part m this progressive restriction 
of hyperglj caemia after oral glucose, and a little further consideration 
will show that the improvement m sugar tolerance consequent upon increase 
in the amount of carbohj'drate in the diet is completely explained by the 
coincident increase in insulin sensitivity 
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Table giving the data necessary to calculate the insulin depression areas on the basts of the relationship 
demonstrated in Fig 10 The two nght-hand columns show the calculated and the observed 
results 


Subject 

Sugar tolerance 

Insulin depression area 

Calculated 

Measured 

insulin 

depression 

area 

Area 

Difference 
from 1 

Measured 

Difference 
from 1 

insulin 

depression 

area 

C 

1 

10,800 


1 366 





2 

10,760 

140 

380 

14 




3 

9,100 


| 662 

1 

186 

645 

552 

M 

[ 1 

13,000 


1 

| 1 40 6 





2 

11,000 

1,730 


66 




3 

6,400 


075 

270 

666 

675 


4 

6,400 

8,200 

710 

305 

670 

710 

I 

1 

0,837 


1 30 





2 

3,786 

3,048 J 

i 

(64*) 


97 

( 64 *) 


3 

3,500 

3,273 

07 

67 

103 

97 


4 

2,860 

3,083 | 

119 

80 

019) 

(U9)f 


5 

2,767 

4,066 

130 

100 

121 

130 


6 

1,816 

6,018 

162 

122 

142 

162 


7 

1,136 

6,697 1 

1 

164 

124 

157 

154 


* This insulin depression curve was unsatisfactory See the note at the end of section 
on results 

■j - The glucose tolerance and insulin depression areas of experiments 4 were used as the 
basis of calculation for this subjeot 


Let us consider what would happen to the glucose tolerance area 
if the amount of endogenous insulin brought into action as a result of 
the glucose tolerance test actually did increase as the Bubjeot reoeived 
diets containing larger and larger amounts of carbohydrate In this 
event with each increase of dietary carbohydrate two factors would be 
brought into play to reduce the tolerance area , an increase in the 
amount of effective insulin and an increase in the sensitivity to this 
i nsuli n It has been shown by actual measurement that the change m 
insulin sensitivity for each increase of dietary carbohydrate is exactly 
the same as the change in glucose tolerance (Fig 10) Now if the 
quantity of effective insulin is also increased the restriction of the 
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hyperglycsemia after glucose will be disproportionately greater than the 
increase m insulin sensitivity, so that the tolerance area mil be 
disproportionately reduced and the equation change m insulin sensitivity 
= change m glucose tolerance mil not exist But this equation is 
established by experiment Therefore, the effective endogenous insulin 
cannot be increased as a result of increasing the amount of carbohydrate 
m the diet And by similar consideration it can be shown that the 
quantity of effective insulin cannot be decreased in response to these 
dietary changes The only condition of endogenous insulin supply that 
is compatible with the demonstrated relationship between change m 
glucose tolerance and change in insulin sensitivity (Tig 10) is that m 
healthy individuals the effective endogenous insulin is uninfluenced by 
changes m dietary carbohydrate and that the amount brought into 
action is the same in each glucose tolerance curve whatever the degree 
of tolerance indicated The only factor which vanes m proportion to 
change m glucose tolerance is change in insulin sensitivity and therefore 
the sugar tolerance must be determined by the sensitivity of the individual 
to his endogenous insulin, for the linear relationship demonstrated in 
Tig 10 shows conclusively that there can be no other factor affecting 
glucose tolerance but insulin sensitivity 

In the light of these observations the glucose tolerance curve acquires 
a new significance for now it can be regarded as the expression of the 
healthy individual’s sensitivity to his endogenous insulin 

It may therefore be concluded that in healthy subjects the 
increasing glucose tolerance, consequent upon increasing amounts of 
dietary carbohydrate, is completely accounted for by the increase m 
insulin sensitivity induced by these changes m diet 

Application of the results 

It has been shown that the determination curve of insulin sensitivity 
is of the same shape as the determination curve of glucose tolerance 
(Tig 8) It will be seen that as the utilization of carbohydrate falls 
the sensitivity to insulin diminishes also Let us consider the tram of 
events m a case of pancreatic diabetes mellitus As the insulin supply 
is slowly restricted by disease the utilization of carbohydrate will diminish, 
a corresponding diminution m insulin sensitivity will ensue and a vicious 
cycle will set in — the more the insulin supply is reduced the more the 
sensitivity diminishes Tinally when the utilization of carbohydrate falls 
below that corresponding to 50 g of dietary carbohydrate daily the 
sensitivity will dimmish so rapidly that diabetes mellitus will suddenly 
appear, although the restriction of insulin may be proceeding at the 
same slow rate (Tig 8) If now such a patient is balanced with insulin 
on a diet containing 50 g or 60 g of carbohydrate he will not be producing 
the maximum insulin sensitivity of whioh he is capable Increase of 
the carbohydrate content of the diet to 150 g or 200 g of carbohydrate 
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•will enable a great increase in sensitivity to be produced (Fig 8) with 
the result that this increase m dietary carbohydrate will not require 
a proportionate increase m insulin to ensure its utilisation by the body 
These considerations provide a logical explanation of a clinical paradox 
which has recently attracted much attention It is found that if diabetics 
are balanced with insulin on a low carbohydrate diet, eg, SO g daily, 
then trebling or quadruphng the daily intake of carbohydrate rarely 
necessitates any increase of insulin dosage, that if increase of dosage is 
necessary it is extremely small, and that m some cases reduction of the 
daily amount of insulin can be effected It will be seen from the insulin 
sensitivity determination curve (cf Fig 8) that as the dietary carbohydrate 
is increased from 50 g to 200 g marked inorease in insulin sensitivity, 
and consequently of the ability of the body to dispose of carbohydrate 
occurs , with increase from 200 g to 350 g little increase in sensitivity 
results and the sugar tolerance improves but slightly , and with increase 
from 350 g to 450 g a further but less marked improvement appears 
It appears therefore that m the case of the diabetic balanced with insulin, 
inorease m the carbohydrate content of the diet from 60 g to 200 g 
will necessitate little or no inorease m insulin dosage , that increase of 
dietary carbohydrate from 200 g to 350 g will produce such little 
improvement in insulin sensitivity that proportionate increase of the dose 
of insulin will be required , and that further increase of the daily amount 
of carbohydrate from 360 g to 450 g will cause a second increase of 
insulin sensitivity which will necessitate the insulin requirement s being 
increased but slightly This suggests that the maximum disposal of 
dietary carbohydrate by each unit of insulin will be obtained when a 
diet containing 200 g of carbohydrate is given For amounts both 
above and below this figure more insulin will be required for each gram 
of dietary carbohydrate 

The experiments given m this paper also provide an explanation 
of the work of Allan (3) on the glucose equivalent of insulin m depancreatised 
dogs He showed that in such animals the greater the amount of 
carbohydrate given the smaller the amount of insulin required to ensure 
the retention of each gram of carbohydrate in the body In the light 
of my experiments it is probable that Allan’s result was due to the 
increasing amounts of dietary carbohydrate producing increasing sensitivity 


to insulin . 

The work of Adlersburg and Porges (2) and of Sweeney (12) was 

mentioned at the beginning of thiB paper and it was noted that they had 
each suggested that the beneficial effect of a high-carbohydrate low-fat 
diet on sugar tolerance might be due to the same mechanism as that 
which brings about improving BUgar tolerance with consecutive doses 
of glucose (Staub-Traugofct effect) In a previous communication (9) 
I have shown that the Staub-Traugott effect is produced by the 
organism's increasing sensitivity to insulin consequent upon the repeated 
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closes of glucose In tins paper it 1ms been shown that the beneficial 
effect of a high-carbohydrate low -fat diet is due to t he increased sensitivity 
to insulin which is brought about solely as the result of the largo amount 
of carbohydrate m the diet The suggestion of the above workers is, 
therefore, justified and the identity of the mechanism underlying both 
flic beneficial effect on tolerance of high-carbohydrate diets and also the 
Staub-Traugott phenomenon, is definitely established 

The results presented m this paper demonstrate that the efficiency 
with which insulin acts m a particular individual is determined by the 
sensitivity of that individual to insulin It is, therefore, permissible to 
suggest that a type of diabetes mellitus may exist which is not due to 
diminution of the secretion of pancreatic msuhn, but is due to impairment 
of the individual’s sensitivity to the insulin secreted In such a case, 
although the output of pancreatic msuhn may be normal in quantity, 
the diminution in amount of the factor productive of msuhn sensitivity 
would produce a result identical with that of impaired production of 
msuhn — namely the clinical picture of diabetes mellitus Clinical evidence 
m favour of this suggestion has been summarised elsewdiore (10) 

The nature of the factor which determines msuhn sensitivity is still 
unknown, but m previous publications (7) (8) I have suggested on the 
basis cf indirect evidence that the factor is an activator of msuhn and 
/that its production is stimulated by the ingestion of carbohydrate 

) 

| Summary and conclusions 

1 1 Experiments are described on healthy human subjects concerning 

the effeot of change m composition of the diet on the glucose tolerance 
and the sensitivity to msuhn 

2 It is shown that the area demarcated by the glucose tolerance 
curve above the resting blood sugar level, and similarly the area 
demarcated by the msuhn depression curve below the resting blood sugar 
level remains constant for the same individual if the composition of the 
diet is maintained unchanged 

3 Experiments are described which demonstrate that in healthy 
subjects the improvement m glucose tolerance, consequent upon the 
change from a low-carbohydrate high-fat diet to a high-carbohydrate 
low -fat diet, is determined neither by change m the calory value nor 
ketogemc-antiketogemc ratio nor change m the fat nor protein content 
of the diet, but solely by the amount of carbohydrate in the diet On 
the basis of these experiments a “ Determination curve of glucose tolerance ” 
has been constructed which expresses for healthy subjects the relationship 
between the change m sugar tolerance and the change in amount of 
dietary carbohydrate 
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4 It is demonstrated that the efficiency with which a standard 
dose of crystalline insulin acts on the blood sugar is determined by the 
carbohydrate content of the diet so that the greater the amount of 
carbohydrate in the diet the greater the sensitivity of the organism to 
insulin The relationship m healthy subjects between change in insulin 
sensitivity and change m the amount of carbohydrate in the diet can 
be expressed as a “ determination curve of insulin sensitivity ” 

5 A correlation between change m glucose tolerance and change 
in insulin sensitivity has been demonstrated which is Buch that it can be 
expressed as a straight line inclined at an angle of 45° to the abscissa 

6 On the basis of these results it is concluded that — 

(a) The development of insulin sensitivity is independent of the 

dose of insulin used as the standard test dose 

(b) The quantity of pancreatic insulin brought into action m 

response to a standard dose of glucose is constant m amount 
whatever the degree of tolerance indicated by the blood 
sugar curve 

(e) The change in glucose tolerance consequent upon change ini 
composition of the diet from a low-carbohydrate high-fail 
to a high-carbohydrate low-fat diet is completely acrfmwtM 
for by the change m sensitivity of the individual /bo the 
m8uhn secreted by his own pancreas / 

7 The bearing of these results on the apparently acute development 
of diabetes mellitus in man and on the dietetic therapeutics of this disease 
is discussed 
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THE DIET OF DIABETICS PRIOR TO THE ONSET OF THE 

DISEASE 

By H P HIMSWORTH* 

( From the Medical Unit, University College Hospital, London) 

and E M MARSHALL, 

( Dietician , University College Hospital, London) 


It is now securely established that the glucose tolerance of a healthy 
individual is determined by the composition of the diet which lie is 
receiving In 1926 Adlersberg and Porges (1) and m the following year 
Sweeney (11) clarified and extended the fragmentary observations of 
earlier workers by clear demonstrations that the sugar tolerance of 
healthy individuals was impaired by administering a low-carboliydrate 
lngh-fat diet, whilst it was improved when a high-carbohydrate low-fat 
diet was taken More recently it was shown by one of us (H P H , 8) 
that the sole dietetic factor determining this variation m tolerance is 
the absolute amount of carbohydrate m the diet and further it was 
demonstrated that, for healthy subjects in general, a definite and 
mathematically constant relationship exists between the carbohydrate 
content of a diet and the degree of tolerance produced by this particular 
diet In previous papers (5) (6) (7) the effect of change m composition 
of the diet on the efficiency with which a standard dose of insulin acted 
on the blood sugar had been investigated and the general conclusion 
had been reached that those diets which cause improvement m sugar 
tolerance also cause increase m the sensitivity of the organism to insulin, 
whilst those diets which produce impairment m sugar tolerance produce 
a decrease in insulin sensitivity In the paper previously referred to 
(H P H , 8) these generalisations were placed on a precise basis and 
it was shown that the dietetic factor determining insulin sensitivity was 
the carbohydrate content of the diet, that change in amount of dietary 
carbohydrate produced exactly equal change in sugar tolerance and 
sensitivity to insulin, and that the change m glucose tolerance, consequent 
upon change m the amount of carbohydrate m the diet, was completely 
accounted for by the change in sensitivity of the individual to the insulin 
secreted by his own pancreas 


Beit ^lemonal Fellow 
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Having established the existence of a factor whose presence m the 
body is necessary to render the individual sensitive to insulin, it was 
reahsed that restriction of this factor would produce a result indistinguishable 
from that of restriction of the supply of pancreatic insulin, that is grossly 
impaired sugar tolerance and the clinical picture of diabetes melhtus 
And it having further been shown that the amount of this sensitising 
factor m the tissues of normal individuals is determined by the composition 
of the diet received, it occurred to us that ingestion of a diet, which 
did not elicit production of the full amount of insulin sensitivity, might 
m the course of time result in permanent impairment of insulin sensitivity 
with the consequent appearance of diabetes melhtus The problem, 
therefore, that we set ourselves to investigate was this , do diabetics, 
pnor to the onset of the disease, take diets relatively low m carbohydrate 
and relatively high m fat such as have been shown to produce m normal 
subjects impairment of insulin sensitivity and of carbohydrate tolerance * 
For the purpose of tins investigation two groups of human subjects 
were used, namely, a group of diabetic patients and a control group of 
non-diabetic subjects , all these subjects were socially of the “ hospital 
class ” and attending University College Hospital 


The diabettc group 

The diabetic group contained 143 cases of proved diabetes melhtus 
In the majority of these cases the diagnosis could be made on the history 
and routine exammation alone, but m the minority, m which these means 
did not provide sufficiently definite information, the diagnosis was 
established by the result of a sugar tolerance test At the commencement 
of the investigation 60 cases were taken from the diabetics already 
attending hospital, but these patients had all come under treatment 
sufficiently recently for them to remember their proclivities as regards 
diet when their preferences were unfettered The remainder of the cases 
formed a continuous sequence of new cases attending the Diabetic Clinic 
at University College Hospital during the last 18 months All these 
new patients were submitted to investigation regarding their diet pnor 
to the onset of the disease, as soon as the diagnosis was made and before 
any instructions were given them as regards dietetic treatment As the 
majonty had received, from their pnvate doctors, nothing but the 
vaguest instructions regarding the dietetic treatment of their disease 
and as only a short time had elapsed since these instructions were given, 
a knowledge of therapeutic dietetic restrictions played little or no part 
in determining the dietetic preferences of these patients 

As it was desired to classify the diabetics according to the age at 
which the diabetes appeared, an attempt was made, by enquiring into 
each patient’s history, to date the onset of the disease In the young 
patients m whom the disease has a relatively rapid and severe onset 
this time could usually be fixed definitely to within a month or two o 
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sonio well remembered date, but m the older patients, in whom the 
disease appears more insidiouslj’, the probable time of its appearance 
could not be locabsed as a rule more accuratelj than within a season 
of some particular year In a feu old diabetics even this accuracy 
could not be attained and we Mere forced to take the time at 'which 
glj cosuna was discovered as the time of onset of the disease 

The findings to which we came to attach most weight as indicating 
the time of appearance of the disease w ere glj cosuria, nocturnal frequency 
of micturition and m women vulvitis In the rare cases in which glycosuria 
had been fortuitously detected before the symptoms of diabetes forced 
the patient to seek medical advice, the appearance of the disease was 
dated from the time of this finding A history of nocturnal frequency 
of micturition appearing some time previously and persisting m varying 
degree until the time of examination, was, m the absence of anj’’ other 
causo of frequency, taken as presumptive evidence of the time of onset, 
and naturally the more sudden the appearance and the more marked 
the frequency the more probable did this presumption become Vulvitis 
in women, though by no means a constant symptom, was found to bo 
of considerable value for our puipose, but it was reabsed that this 
symptom did not develop until some little time after the onset of glycosuria 
The vulval irritation usually vanes m intensity after the time of its 
appearance, but it is always intense dunng exacerbation of the disease 
and hence is usually present when the patient comes for medical advice 
For tins reason the patient, when questioned, is m no doubt as to the 
nature of the symptom and owing to its distressing nature she has bttle 
difficulty m recollecting the time of its first appearance Thirst, disturbances 
of vision consequent on changes in refraction, asthenia and loss of weight 
were each encountered m many patients and, when present, they offered 
valuable confirmatory evidence These symptoms, however, tend to be 
most marked m those patients m whom the disease appears so abruptly 
that there is little doubt as to the time of onset, and, in cases with 
insidious onset, are less frequently present than the finding of glycosuria, 
nocturnal frequency of micturition, or vulval irritation It should be 
noted, that even m cases in which the disease appears insidiously it 
is unusual not to elicit the time of onset of at least two symptoms to 
help one m localising the appearance of the diabetes 

The approximate age at the onset of the disease having been decided, 
the patients were classified m groups Fig 1 shows for our series the 
number of diabetics of either sex developing the disease at the different 
ages These age incidence curves are very similar to the curves given 
by Joshn, Dublin and Marks (3), showing the American mortality from 
diabetes melhtus at different ages If it is allowed that the national 
mortality from diabetes reflects the incidence of the disease then it will 
be conceded that m our 143 diabetics the age incidence is the same as 
m diabetics m general In another paper (4) the above workers have 
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shown that obesity and diabetes are closely associated Our present 
senes of diabetics yield evidence m support of this finding, for 60 1°/ 
were overweight on first coming up for treatment It may, therefore^ 
be concluded that our senes of diabetics is a representative sample of 
the general diabetic population of the country 

In one respect the range of ages of onset m the diabetic group was 
artifically curtailed Cases under 16 years and over 75 years were 
excluded as it was feared their replies to questions might be unreliable, 
and one or two cases under 75 years were excluded on the ground of 
premature senility rendering their statements untrustworthy 



Fig 1 Figure showing number of patients m our senes of cases, developing diabetes mellilus 
at different ages 


It is a well-established clinical observation that cases of diabetes 
melhtus fall into two groups , the young diabetics developing the disease 
before 45 years of age, in whom the disease tends to have a sudden onset, 
to be unassociated with arteno -sclerosis and to be, m general, of a severe 
type , and the older diabetics, developing the disease after 46 years of 
age, in. whom the disease is of insidious onset, associated with arteno-sclerosis 
and tends to run a mold course The disease in these two groups is so 
different as to suggest that we are dealing with two distinct types of 
diabetes melhtus For this reason the diabetic and control subjects were 
each divided into two sections, one containing those subjects under 45 
years and the other those over 45 years These sections were further 
separated into male and female groups The results obtained by the 
quantitative method both for diabetic and normal subjects were thus 
classified into four sections — males 16—45 years, females 16-45 years, males 
46-76 years, females 46-75 years 
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The normal group 

Two control groups of non-diabetic subjects were used One containing 
131 subjects served as the control group for the "quabtativo” method, 
the other containing 137 subjects as the control for the “ quantitative ” 
method 

These subjects were taken mainly from in-patients of University 
College Hospital Subjects suffering from any complaint which interfered 
with appetite or digestion, were excluded The majonty of the cases 
were surgical, obstetrical or gynaecological, but a considerable number 
of patients convalescent from infections, suffering from chronic arthritis, 
hypertension, artcno-sclerosis, and cardiac cases without failure, were 
included 

The ago distribution m tlus group was determined by the ago 
incidence distribution in the diabetic group, and an attempt was made 
to obtain as many non-diabetics m any particular age group as there 
were diabetics whose disease commenced at tins age Although this 
object was not completely reabsed, yet it will be seen from Table II 
that the age distribution of the diabetic and non-diabctic groups was 
sufficiently close to justify our regarding them as comparable senes 
Apart from the selection consequent on this necessity of ensuring a similar 
age distnbution in the two groups the normal subjects were entirely 
unselected A certain number of control subjects of a particular age 
was required and these were obtained by taking consecutive subjects 
of that ago as they were encountered in the wards 

Methods of investigating the diet 

Two different methods were used to ascertain the composition of the 
diet habitually chosen by the individual subjects of the normal group 
and by those of the diabetic group before the onset of the disease For 
convemence of discussion one method may be termed the “ qualitative ” 
method and the other the “ quantitative ” method , the first aimed at 
detecting qualitative variations in composition of the diet, the second 
at assessing quantitative variations in the intake of ordinary foodstuffs 
The former method was used exclusively by one investigator (H P H ) 
and the latter by the other (E M M ) 

Both methods of investigation were used on each of the diabetic 
patients but the results, on each patient, obtained by the two methods 
were not compared until the completion of the investigation Thus the 
investigator using the qualitative method was uninfluenced by the results 
obtamed by the investigator using the quantitative method In the two 
normnl control groups different patients were seen by each im estigator 

A preliminary enquiry was made to ascertain whether any change 
m dietary habits had been noticed by any diabetic patient after the 
symptoms of lus disease appeared From some subjects tlus ebcited the 
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answer that since the symptoms appeared a strong partiality for sweet 
foods had been noticed to develop One diabetic, for example, stated 
that from a distaste of sweet things he had begun to eat 3 lbs of jam 
a week Such alterations were remarked only m those diabetics in whom 
the onset of the disease was sudden, but this information did leave a 
suspicion in our mind that m cases m which the disease had an insidious 
onset a similar insidious change of taste may have occurred, m which 
case our figures for the diets of such patients will indicate the consumption 
of too high a proportion of carbohydrate 

The “ qualitative ” method The object of this method was to elicit 
information regarding abnormahties of individual taste and of preference 
for different foodstuffs 

In order to make use of tlus method it was necessary first that the 
investigator should be conversant with variations m normal taste and 
preference To this end 131 normal subjects of appropriate ages were 
questioned, their replies noted down and an attempt thus made to amve 
at a conception of the type of diet eaten by the majority of persons m 
this social class The same questions were then put to the diabetic 
patients, and finally the two groups compared 

The subject was first asked whether his relatives and friends had 
remarked any particular preference in his selection of food It was 
ascertained whether he was considered a “ sweet tooth,” or a large " meat 
eater,” or a person with a preference for fat, or whether his dietary habits 
were such as to excite no special comment He was next interrogated 
as to his preference for different foodstuffs It was early discovered to 
be impossible by means of this method to ebcit definite information as 
to the consumption of foodstuffs which had no definite characteristic 
quality The questions, therefore, soon came to be confined to those 
concerning strongly characterised foodstuffs which allowed definite expression 


of individual taste 

Of the carbohydrate foodstuffs the most definite information was 
forthcoming with regard to sweet substances The subjects were asked 
whether or not they had a liking for jams or marmalade and an attempt 
was made to get a rough idea of the frequency and quantity m which 
these substances were eaten Consumption of sugar by itself was a rare 
abnormality, but significant information was often obtained when the 
subject was asked how much sugar was taken m tea and whether he was 
in the habit of sweetening still further dishes such as milk puddings, 
stewed fruit, tarts, etc, when these dishes were brought to the table 
sweetened to a degree which was acceptable to the rest of the family 
Information with regard to the taste for bread was unsatisfactory as 
so many of the men took sandwiches for mid-day lunch But some 
information was forthcoming about potatoes When the subjects were 
asked how many new potatoes the size of a hen’s egg they would consume 
at a meal, considerable variations in taste were elicited 
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Wc were unable to frame any useful questions winch would reveal 
a preference for protein foodstuffs But one question in relation to meat 
consumption pro\ed to bo extremely valuable That was, “What kind 
of meat do you like — fat or lean?” In reply definite statements of 
preference or indifference wore the rule Most people seem to June a 
clear idea of their tastes m this direction, and wc think that a dmsion 
of persons according to their replies to this question alone would not bo 
devoid of significance 

The individual preferences regarding fatty foodstuffs were more easy 
to estimate than those concerning carbohydrate Tins is probable because 
fatty foods arc not eaten casually between meals, ns carbohydrates often 
are, but are taken m conjunction w ith other food and m definite amounts 
which the individual knows to be to his taste Liking for butter can 
be estimated by the patient’s statements as to the thickness with which 
it is spread on bread , and not uncommonly such abnormalities ns the 
spreading of more butter on bread already buttered will bo encountered 
Liking for dnpping is often easy of detection, for, most of our patients 
coming from families who rarely have a joint more than once a week, 
the satisfying of sucli a preference may' result in the patient’s habits 
being brought to his notice by tiie other members of the household 
Cream, ns a rule, was only' accessible to those of our patients who lned 
in the country' but when it was available definite likes and dislikes were 
usually stated For this substance town patients not infrequently show cd 
a distinct partiality, by admitting their failing for surreptitiously skimming 
the cream from the household milk supply, but, naturally, we could 
not offset such information by a knowledge of how many' town patients 
would dislike cream if it were more easily available The other fatty 
foods are not usually taken m a pure form and as the amount of these 
included m any particular dish depends upon the taste of the cook 
concerned, patients were not questioned on these points 

After questioning a number of normal subjects in the abo\e manner 
one acquires a general idea as to the normal standards of taste, and 
thereafter, considerable departures from this normal standard obtrude 
themselves on one’s notice For this reason wo have ventured to 
classify' our patients — diabetics and normal controls — on this rough basis 
Immediately after the interrogation of a patient his preference for either 
carbohydrate or fat were classified either as normal, increased or greatly 
increased This being done, the subjects could be divided into two groups , 
those whose tastes inclined to a fatty diet, and those whose tastes inclined 
to sweet foods It was not often that difficulty was experienced in 
deciding whether the same patient’s dietary preferences were normal or 
w hether he show ed an increased liking for fatty' or for carbohydrate foods 
It should be noted that this method elicits information regarding the pro- 
portion of salient foodstuffs in the diet m relation to the other components 
and that it throws no light on the amounts of the different foods ingested 
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The great limitations of this method being recognised we still think that 
it provides results which m a general sense are of significance 

The “ quantitative” method The object of this method was to give 
quantitative expression to the patient’s choice of food It should be 
noted that the method takes into account only the subject’s preference 
for the common varieties of foodstuffs, and those perversions of 
taste which are occasionally discovered m diabetics, he outside its 
scope 

The subject to be investigated was shown different amounts of 
various commonly used foods Shoes of bread of varying size and 
thickness, jam, pats of butter of different weight, samples of lean and 
of fat meat, potatoes, fruit, and average helpings of various popular 
puddings were displayed, and m addition simple household measures 
were to hand to aid his choice of the amount of food The subject 
was asked to choose, from the foodstuffs before him, a breakfast, a 
mid-day meal, a tea, and a supper, similar to those of his daily dietary 
when he was allowed free choice, and the amounts and nature of the 
foods chosen "were noted down Enquiry was then made as to foods 
habitually eaten which were not included in those displayed, the amount 
of such foods consumed was assessed by the subject m terms of household 
measures, and included in the list of the diet The approximate composition 
of all the foodstuffs chosen being known from tables of food analyses, 
the daily (10) diet could now be expressed in terms of carbohydrate, 
protein and fat 

At first sight it would be expected that the figures obtained by this 
method would vary considerably m duplicate estimations , but it is 
surprising how constant the results m any one patient remain The 
individual items of food m the meals may vary but the total amounts 
of carbohydrate, of protein and of fat chosen for the daily intake remain 
remarkably constant Eor example, one patient at the first interrogation 
chose a diet containing 219 g of carbohydrate, 45 g of protein, 58 g 
of fat , and at the second questioning four months later her diet worked 
out at 213 g of carbohydrate, 50 g of protein and 50 g of fat And 
a second new diabetic patient, who was re-questioned the next day 
because her diet appeared to be so abnormal, chose a second diet winch 
did not differ more than a few grams from her first diet of carbohydrate 
156 g , protein 35 g , and fat 158 g It would appear then that the 
results of this test may be taken as yielding significant information 
with regard to the composition of the diet habitually preferred by the 
subject 

When the investigation of the diabetic and control senes by this 
method was completed the results were submitted to statistical analysis, 
and we are greatly indebted to Professor Major Greemvood for performing 

this operation 
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Result s obtained by the “ qualitative ” method 
In Table I are shown the results obtained by the qualitative method 
of investigation It will be seen that the percentage of diabetics who 
expressed a preference for diets containing an excessive proportion of 
fatty foods is 2£ times as great as the percentage of control subjects 
with the same preference Similarly the proportion of subjects in the 

TABLE X 


Table giving the results obtained by the “ qualitative ” method of investigation and showing that 
diabetics as a whole tend to take diets containing an excessive proportion of fatty foodstuff s 



Percentage of subjects taking — 

Group of 

Excess of fat 
in diet 

Excess of butter 
dripping, cream 

Preferring fat 
to lean meat 

Excess of 
carbohydrate 

131 Diabetics 

76 3 

70 2 

46 0 

20 0 

118 Normals 

34.0 

30 0 

16 0 

34.0 


diabetic group who expressed a decided partiality for butter, dnpping 
and cream is 2$ times as great as m the control group, and the percentage 
of diabetic subjects who definitely preferred fat to lean meat or meat 
containing the usual amount of fat, was 3 t i mes as great as the percentage 
of normal subjects who evinced the same partiality On the other hand, 
the percentage of diabetics with a partiality for sweet foods was less 
than f of the percentage of normal subjects with same trait 

Gross aberrations of dietary choice are not capable of expression 
in figures but some indication may be given of the type of abnormality 
that is not infrequently encountered m individual diabetics 

One diabetic in the early twenties informed us that when a child 
he was constantly incurring parental correction for his habit of cutting 
fat off uncooked meat, or appropriating lumps of suet and eating these 
substances raw Another diabetic, aged 26, before the onset of her disease, 
removed the fat from the uncooked joint, roasted it separately and then 
ate it as her own particular dehcacy A considerable number of patients 
confessed to their weakness for eating butter in spoonfuls, without 
consuming bread at the same time Many patients had apparently 
established their nght to the fatty portions of the meat, and two heads 
of families reported that they always cut all the fat from the cooked 
meat and ate it without or with only a httle lean 

No excesses with regard to sweet foods were discovered in the 
diabetics but 14 of the 131 normal subjects revealed a marked preference 
for jams and marmalade None of the control subjects showed a partiality 
for fatty foods which waB comparable in any way with the abnormalities 
of taste recorded above m the diabetics 
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Results obtained by the “ quantitative ” method 

Table n shows the results obtained by the quantitative method for 
each of the four groups into which diabetic and control subjects were 
divided, according to age and sex 

Reference to the age column will show that the senes of diabetic 
and normal subjects constituting each of the four groups were comparable 

TABLE 

Tahle lowing the diets chosen by normal subjects and by diabetics, prior 



Number 

Age 

t 

Dailj 

calories 




of 

Subjects 


Carb j 

Males, 16-45 

) Mean SJ> 


Mean SD 1 

Diabetics 

29 

30 4 ± I 7 8 08 

3759 

482 ± 21 113 8 . 

Normals 

32 

32.6 ± 1 4 7 82 

3116 

j 441 ± 20 111 9 J 

Diff Diabetics — normals 


— 2 12 ± 217 


1 

1 40 69 -l 28 9G 

Diff/SE 


— 0 98 


141 

Males, 46-75 

Diabetics 

28 

1 

566 ± 1 4 7 31 

3247 

! 

i 397 ± 20 104 0 ' 

Normals 

28 

54.8 ± 1 3 0 83 

2704 

! 384 ± 24 125 0 

Diff. Diabetics — normals 


1 82 ± 1 89 


| 13 86 ± 30 89 | 

Drff/SJG 


ODB 


! 0 45 

Females 16-45 




1 

I 

Diabetics 

35 

’ 33 9 ± 1 4 8 31 | 

2837 

i 365 ± 17 101 9 ' 

Normals 

36 

829 ± 1 3 7 99 

2436 

| 343 ± 17 104 0 

Diff Diabetics — normals 


1 02 ± 1 93 


22 40 ±24 4 

Diff/SE 


0 53 


0 92 

Females, 46-75 


l 



Diabetics 

51 

55 7 ±0 80 5 71 i 

2522 

324 ±14 100 4 

Normals 

41 

551 ± 1 0 6 66 ' 

1861 

254 ± 03 59 8 

Diff Diabetics — normals 

1 

0 66 ± 130 | 


70 6 ± 10 87 

Diff /S E 


0 60 | 

I 


4.18 

All Diabetics 

143 

1 

t 

2997 


All Normals 

137 

I 

2478 



S D ^standard deviation 

We are indebted to Professor Major Greenwood for 
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from the point of view of age distribution Shght differences do exist 
between the average ages of each group but these differences are shght 
and are such as to be unavoidable when comparing any two groups of 
human subjects one of which has accumulated by chance (the diabetics) 
and one of whioh (the normals) has been selected to be as near comparable 
as possible to the other m some particular respect 

n 


to the onset of their disease, as determined by the quantitative method 


Diet 

Percentage calories from 

Prot 

Fat 

Carb 

Prot 

Fat 

Mean S D 

Mean S D 

Mean S D 

Mean 8.D 

Mean S D 

109 ± 6 3 28 01 

165 ± 6 6 34 88 

51 3 ± 0 82 4 42 

11 6 ± 0 35 1 80 

37 1 ± 0 77 4 15 

05 ± 4 2 23 07 

108 ± 6 1 28 60 

58 6 ± 0 83 4.69 

12.3 ± 0 37 2 09 

311 ± 0 77 4 31 

14,63 ±6 80 

46 74 ± 8 23 

—6 37 ± 1 17 

—0 66 + 0 61 

6 02 ± 1 00 

2 14 

6 68 

—4.50 

—1 29 

5 62 

104 ± 6 2 32 80 

138 ± 0 6 60 72 

49 2 ± 12 6 11 

12.8 + 0 46 2 42 

38 0 ± 1 1 5 84 

83 ± 6 1 27 10 

93 ± 8 6 44 72 

67 3 ± 10 6 33 

12.6 + 0 50 2 67 

30 1 ± 0 86 4 63 

20 21 ± 8 07 

46 18 ± 12 78 

—8 10 ± 1 63 

0 10 + 0 68 

7 90 ± 1 40 

2 60 

3 64 

—5 29 

0 28 

5 64 

81 ± 3 1 18 67 

117 ± 6 0 34 87 

61.3 ±12 7 11 

11 8 ± 0 41 2 42 

37 0 ± 1 1 6 20 

69 ± 2 7 16 03 

87 ± 3 7 21 06 

66 7 ± 1 0 5 69 

1L7 ± 0 44 2 63 

32.6 ± 0 83 4 09 

11 64 ± 4 12 

20 42 ± 6 03 

—4.44 ± 1 63 

0 07 ± 0 60 

4 37 ± 1 34 

2 83 

4 26 

—2 00 

0 12 

3 20 

76 ± 2 6 18 66 

102 ± 6 0 36 83 

61 3 ± 1 0 7 40 

12.3 ± 0 30 2 64 

86 6 ± 1 1 7 70 

69 ± 2 1 13 12 

68 ± 2 6 16 06 

54 3 ± 1 0 6 20 

12.9 ± 0 46 2 03 

32.8 ± 0 80 5 09 

16 68 ± 3 31 

34 7 ± 6 60 

—3 03 ± 1 42 

—0 66 ± 0 68 

3 68 ± 1 35 

6 01 

6 21 

—2 13 

—1 14 

2 73 

1 


50 9 

12.1 

37 0 

^ i 


559 

12.3 

3L8 


6 E = standard error 


performing the mathematical analysis shown in this table 
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The next column gives the calory intake of food m each of the 
groups It will he seen that the males take more food than the females , 
that the daily consumption of food falls with increasing age , and that 
diabetics chose diets which are of a considerably higher value than do 
normal subjects m the comparable groups 

The next section of the table is divided into three columns In the 
first is given the absolute amount of carbohydrate, m the second the 
absolute amount of protein and m the third the absolute amount of fat 
The figure for each group represents the mean value of the amount of 
this foodstuff chosen by the subjects of that group for their daily diet 
Here again it can be seen for each foodstuff that males take more than 
females , that the consumption falls with increasing age , that diabetics 
chose larger amounts than do the corresponding control subjects 



Fig 2 Curves showing for the diabetic and normal groups of subjects the percentage of subjects 

in each group choosing diets yielding the various percentages of calones from protein 

The last section of Table II gives the percentage calories derived 
from each of the three mam foodstuffs In the first column of the 
section are shown the percentage of calones denved from carbohydrate 
It will be seen that in each of the four groups diabetics denve a smaller 
proportion of their calones from carbohydrate than do the corresponding 
normal subjects In only one group, females 46-75, does the ratio 
difference between diab etics and normals JaU matenally below 3, and 
standard error 

it may, therefore, be concluded that, from a mathematical point of view, 
the diminished proportion of calones denved from carbohydrate found 
m the freely chosen diet of the diabetic is definitely outside the limits 
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of chance error In the ne\t column are set out the percentage calories 
derived from protein In all four groups the difference between the 
figures for diabetics and normal controls is small and m all cases the ratio 
difference between diabetic and normals 

7 — = — r — — — is far below 3 The percentage 

standard error 

of calones derived from protein is, therefore, for practical purposes the 



Fig 3 Curves showing the percentage of diabetic subjects and the percentage of normal subjects 
choosing diets yielding particular percentages of oalones from carbohydrate 



Fig 4 Curves showing the percentage of diabetic subjects and the percentage of normal 
subjects choosing diets yielding various percentages of calones from fat 

same in both diabetics and normals The last column shows the percentage 
of calones denved from fat In all four groups the diabetics will seem 
to take a greater proportion of calones as fat and the fact that the ratio 
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difference between diabetics and normals 


standard error 


■is m all, save tbe group of females 


age 46-75, greater than 3 and in this group almost 3, shows that this 
difference is well outside the limits of error m sampling 

This last series of figures, therefore, shows that diabetics, m comparison 


with normal subjects, choose diets yielding a smaller proportion of calones 


from carbohydrate, a greater proportion from fat and the same proportion 
from protein The general averages for all diabetics and all normals are 
shown in the bottom two lines of Table II 


In Figs 2, 3 and 4 the results are depicted m another way In the 
case of carbohydrate, of protein and of fat, the diabetic and the normal 
subject have each been sorted into classes according to the percentage 
of calories they derive from these three sources The number of individuals 
in each class has then been expressed as a percentage of the total number 
of diabetics or control subjects For example, diets deriving 47% to 
50% of their calory value from carbohydrate were chosen by 24 out of 
143 diabetics, l e , 16 8% , whilst similar diets were chosen by 9 out 
of 137 normal control subjects, i e , 6 6% Figs 2, 3 and 4 were 
constructed by charting the percentage of calories derived from the 
particular foodstuff against the percentage of diabetic or control subjects 
choosing a diet of that composition The curve thus obtained expresses 
the frequency with which any particular type of diet was chosen 

In Fig 2 the curves for the percentage of calories derived from protein 
are given It wdl be seen that there is no material difference between 
the curve for diabetics or tbe curve for normals Both groups have the 


same range of dietary choice 

Fig 3 shows the distribution of the choice of calones from carbohydrate 
m the diabetic and control groups The mode of the diabetic curve is 
53% of calones from carbohydrate , the mode of the normal control 
group 58% of calones from the same source The majonty of diabetics, 
therefore, pnor to the onset of then disease tend to choose diets yielding 
a smaller proportion of calones from carbohydrate than do a corresponding 
group of normal subjects 

Fig 4 gives the curves for percentage of calories denved from fat 
The mode of the diabetic distribution curve is 38 5%, for the control 
distnbution curve 32 5% Diabetics, therefore, prefer diets in which 
a larger proportion of the calones than normal are denved from fat 


Discussion 


The accuracy of the results 

Before discussing the significance which may be attached to the data 
obtained in this investigation it is necessary to consider the various sources 
of inaccuracy inherent m the methods used and to assess the extent to 
which these inaccuracies may invalidate the apparent significance of be 
figures obtained 
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One possible error, winch Will doubtless suggest itself to the reader, 
is that the investigators may have suggested the difference m diets to 
the two groups of patients by unconsciously phrasing their questions 
differently to each group This suggestion would hardly explain the gross 
aberrations of taste which were detected, but perhaps the strongest argument 
against this suggestion is that the results surprised us m two ways 
Firstly, from our hypothesis we had expected to find that if diet played 
any part in determining the appearance of the disease then it must 
needs operate for years and consequently only the older diabetics would 
be influenced by such a factor To our surprise we found on completing 
the results that diabetics, irrespective of age, chose on the average a diet 
different from normal subjects Secondly, we expected from previous 
results (8) that the absolute amount of some foodstuff would prove to 
be the factor of difference In this again we were wrong We, therefore, 
think that no appreciable error has been introduced by the psychological 
element in the investigation 

The quantitative method alone can elicit data concerning the diet 
m terms of absolute values and the significance of these absolute values 
will first be considered 

The ability of tlus method to yield aoourate data regarding the total 
quantity of food consumed is largely invalidated by itB incapacity to 
take into account the factor of appetite The appetite at any particular 
time is influenced by present and preceding circumstances It is common 
experience that a good appetite rarely accompames a feeling of ill health, 
and for that reason subjects, whether non-diabetic or diabetic, who were 
conscious of being ill, were excluded from the investigation The appetite 
at any particular time of subjects oapable of taking their usual amount 
of food is largely determined by the amount of food they have previously 
obtained Thus if a subject, just previous to investigation, has eaten a 
full meal he will tend to under-estimate his food requirements, whilst 
if lus diet has been restricted for some days, hunger will prompt him to 
over-estimate his habitual capacity for food This latter consideration 
applies especially to the diabetics of our senes The majonty of them 
were not seen by us immediately symptoms appeared but were referred 
to us by their physicians from outside the hospital Such patients had 
almost mvanably received some vague instructions as to restnctions of 
their diet, with the result that, when we saw them a few days later, they 
were more or less hungry If it is further remembered that hunger is 
one of the classical symptoms of diabetes melhtus, even when the patient 
takes an unlimited amount of food, it will be realised that circumstances 
combine to render the diabetic liable to over-estimate his food requirements 
We are, therefore, not inclined to attach importance to our finding that 
diabetics choose diets of larger calory value than do corresponding subjects 
It may well be that the diabetics prior to the onset of the disease have 
an innate tendency to overeat, but it may equally well be simply that 
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they were hungry at the time of investigation At present we can only 
leave this point as an open question 

Judged by ordinary standards the calory values of the diets chosen 
are below the normal average Cathcart and Murray (2) found that the 
average food intake of healthy subjects m a similar social class was about 
3,000 calories a day In our senes the average intake for all normal 
controls was about 2,500 calones, and even the diabetics estimated their 
requirements at only 3,000 calones We think this low intake is largely 
explained by an inherent defect of our quantitative method The daily 
intake of food was estimated at one time, and thus the subjects were 
deprived of the natural stimulus to choice of quantity, namely, the 
appetite that normally develops m between meals The estimated calory 
requirements are, therefore, probably lower than the actual calory value 
of the food eaten by the subject 

On one point only would the figures for the calory intake appear to 
be of significance That is m their relation to age and sex Males 
always chose more food than females of the corresponding group , younger 
subjects more than older subjects of the same sex This can hardly be 


fortuitous 

The calory value of the diet is dependent upon the amount of fat, 
protein and carbohydrate chosen, and the objections which we have just 
shown to exist against accepting at face value the absolute calory values 
and the apparent difference between the calonc intake of diabetic and 
normal subjects, apply with equal force against the acceptances of the 
absolute values and the apparent difference of these values m the case 
of each of these foodstuffs But there are some peculiar discrepancies 
between the absolute values of carbohydrate, protein and fat which 
suggest that the differences between the diabetics and normals may be 
dependent on more than those circumstances which influence the total 


amount of food chosen 

It has previously been pointed out that it is relatively easy to assess 
with some degree of accuracy the amount of fatty foods m the diet, whilst 
it is more difficult to obtain an accurate statement of the daily amount of 
carbohydrate ingested This is largely due to the fatty foods being 
concentrated, satisfying to the appetite, and not such as to lend themselves 
to casual consumption The absolute amount of fat in the diets is, 
therefore, more likely to be of significance than the absolute amounts 
of either protein or carbohydrate Reference to Table III will show 
difference between diabetacB and no rmals legg than g for 
that the ratio etn.nHfi.rH error 


carbohydrate and protein m all the groups save that of females 46-75 
yeaTB of age In other words the difference between the absolute amounts 
of carbohydrate and protein consumed by diabetics and normals is not greater 
than could be accounted for by chance sampling But the same ratio 
m the case of fat is in every case greater than 3 and thus the difference 
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between the absolute amount of fat chosen by diabetics and normals is 
outside the limits of chance error A definite reason must lie behind 
tins difference m preference for fat Hunger may explain it, but there 
appears to be no reason why hunger m the diabetic should inculcate 
preference for fat rather than carbohydrate or protein Indeed we have 
pointed out above that after development of the disease the diabetic’s 
preference for carbohydrate seems to increase We think, therefore, that 
the figures for fat definitely suggest that diabetics take a larger amount 
of fat than normal subjects 

It has been shown that information regarding the selected diets in 
terms of absolute amounts is open to criticism on the grounds that the 
amounts of food seleoted by a subject at the time of investigation is 
strongly influenced by the degree of appetite at that time Such 
criticisms no longer hold when we come to consider the proportionate 
constitution of the diet The relative proportion of carbohydrate, protein 
and fat are determined by the natural preference of the subject Tins 
preference is independent of appetite and is the mam factor m deciding 
the types of food available in the subject’s household When well 
established it colours the whole dietetic choice of a man The subject 
who chooses fat bacon and fned potatoes at breakfast, chooses fat meat 
at dinner, thickly buttered bread at tea and cream whenever possible 
A man who likes butter spread thickly on his bread will not choose to 
butter his bread thinly if he is not hungry, and neither will a man who 
likes jam suddenly develop a dislike to this food because his appetite 
is keen The natural preference appears to express some inherent individual 
tendency and as such ensures that the proportionate composition of the 
diet remains constant * 

In the case of the quantitative method the proportionate composition 
of the diet ib shown by the percentage calories derived from carbohydrate, 
from protein and from fat For the normal control group the average 
proportion of calories from carbohydrate was 55 9%, from protein 12 3%, 
from fat 31 8% (Table H) Cathcart and Murray (2) by a more laborious 
and more exact method found that the diets of families m Cardiff and 
Reading of the same social class yielded an average of 57 0% of calones 
from carbohydrate, 10 3% from protein, and 32 7% from fat The 
correspondence between these two sets of results is sufficiently close to 
suggest that our quantitative method gives a fair idea of the proportionate 
composition of the diet Variations m proportionate composition of the 
diet are revealed by both methods of investigation and a comparison of the 
results yielded by the two methods will give some idea both of the agreement 


* Temporary alterations in dietetic preference as a result of extraordinary external 
circumstances undoubtedly do occur, as for example the desire for carbohydrate food that 
develops after prolonged and exhausting muscular effort But the subjects of this investigation 
were not exposed to such circumstances , they were passing a routine existence and under these 
conditions the individual dietetic preferences appear to remain the same 
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between the methods and of the constancy of the dietetic differences m the 
different groups of subjects The qualitative method (Table I) purely 
reveals the percentage of individuals m a group whose diet vaned m 
composition from the average diet of the control group, whilst the quantitative 
method shows the variation from the standard of the individual diets 
A searching test of the agreement between the two tests can be made by 
comparing the results obtained on the individual diabetic patients, and m 
this connection it should be remembered that the results by each method were 
arrived at quite independently by two different observers To effect the 
comparison the average proportionate composition of the diet for the group 
of normal subjects, as determined by the quantitative method (55 9% of 
calones from carbohydrate, 12 3% from protein, 31 8% from fat. Table II) 
was taken as the normal standard Diabetics deriving more than the 
standard percentages of calones from carbohydrate were classified as those 
having a preference for carbohydrate, those denvmg a greater percentage 
of calones from fat as having a preference for fat, and those whose taste 
was below or corresponded to the normal standard It was found on 
companng the estimated preferences amved at by both methods in the same 
patient that complete agreement had been achieved m 78% of the cases , 
that m no case was there gross discrepancy , and that m the 22% of cases 
m which the two methods were not in agreement the discrepancies arose 
from a difference m opinion as to whether the proportion of fat or of 
carbohydrate was slightty increased or normal With this agreement m 
mind we may proceed to consider the variations m composition of the diet 
as revealed by both methods 

To compare the variations in composition of the diet as shown by the 
two methods the average composition of the diet in any normal control 
group as determined by the quantitative method (Table II) is taken as the 
diet of standard composition for persons of that age and sex The number 
of subjects in either the normal or diabetic section of this group, whose diet 
vanes m any particular way from this, may then be expressed as a percentage 
of the total number of subjects m the section Thus in the males aged 
16-46 (Table II) the average number of calones denved from fat m the 
normal control group was 31 1% Taking the figures for the individual 
patients it was found that 93% of the diabetics and 47% of the normal 
subjects chose diets yielding more than this percentage of calones from fat 
The percentages of subjects for all the groups bemg determined, the figures 
for all the diabetics and all the normals were calculated It was found that 
by the quantitative method 81% of the diabetics and 46% of the normals 
took diets containing proportion of fat greater than the average , whilst 
the qualitative method showed 76% of diabetics and 34% of normals with 
this tendency Similarly, as regards carbohydrate, it was found that by 
the quantitative method 22% of diabetics and 47% of normals, and by the 
qualitative method 20% of diabetics and 34% of normals took more than the 
usual proportion of this foodstuff in their diet 
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Tiio results of both methods thus agree in the finding that the proportions 
of carbohydrate, protein and fat m the diet taken by tho diabetic before 
the onset of the disease differs from the proportions in the diet chosen by 
compnrable normal subjects The figures given m Table II show that whilst 
the proportion of protein taken by both groups is approximately the same 
the proportions of fat and carbohydrate chosen by the two groups differ 
significantly 

It may, therefore, be concluded that the diabetic, prior to the onset of 
Jus disease, chooses a diet yielding a greater proportion of calories from fat 
and a smaller proportion from carbohydrate than do individuals who do 
not develop diabetes 


The significance of the results 

The question now arises as to whether the development of diabetes 
melhtus m a particular subject is m any way influenced by the difference 
m dietary habits, which has been shown to exist between the individual 
who subsequently develops diabetes and the individual who remains free 
from this disease 

That tlus dietetic difference is not the only aitiological factor may be 
seen immediately Heredity undoubtedly plays some part and according 
to White, Joslin and Pmcus (12) the factor predisposing to the disease ib 
inherited as a simple Mendekan “ recessive ” trait In our present senes 
of diabetics a history of diabetes melhtus m some blood relation was obtained 
m 30 0% of the cases, v lnlst m the 268 cases used m the two normal control 
senes a family history of the disease was only encountered in 1 5% of cases 

The possibility suggests itself that there may be some connection between 
family predisposition to the disease and the type of diet preferred Our 
figures, however, lend no support to this suggestion for those diabetics with 
a family history of the disease chose on the average diets which approximated 
a shade more closely to the normal standard, than did those diabetics with 
no such predisposition 

In a recent paper Joslin, Dublin and Marks (4) have established on a 
Becure basis the general opimon of clinicians that overweight precedes 
diabetes melhtus m a large majority of cases This finding is confirmed m 
the present senes of diabetics, of whom 60 1% were overweight on first 
coming under treatment Taking this association between obesity and the 
disease in conjunction with our results showing that potential diabetics 
prefer an excessive proportion of fat in their diets, it is difficult to avoid 
the impression that a diet containing an excessive proportion of fat plays 
some role m the aetiology both of diabetes melhtus and the preceding obesity 
The data at present available do not permit a definite suggestion as to the 
importance of this role, and the question will, therefore, be left for discussion 
m another paper (Himsworth (9)) 

Our results, however, were definitely significant m one direction As 
the potential diabetic derives a diminished proportion of his calories from 
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carbohydrate, if it is assumed that the total calory value of the diets taken 
by potential diabetics and normal subjects do not differ widely, then the 
potential diabetic takes a smaller amount of carbohydrate m his diet than 
is normal Taking 3,000 calones as the average daily intake of food for 
people m tins social class (2) it can be calculated from Table II that m the 
groups of potential diabetics, a daily average of 382 g of carbohydrate is 
ingested, whilst the normal subjects eat 420 g daily Now it has been shown 
by one of us (H P H (8)) m a previous paper that the sugar tolerance and 
insulin sensitivity of a healthy individual is determined solely by the amount 
of carbohydrate ingested daily, and reference to the charts given m that 
paper will show that the sugar tolerance and insulin sensitivity on a diet of 
382 g are approximately 20% lower than they are on a diet of 420 g * 
When one considers the great decrease m tolerance m the diabetic such a 
small decrease as results from this dietetic difference seems relatively small, 
but it is at least of significance that the diet chosen by the potential diabetic 
is one, that of itself, tends to decrease sugar tolerance and insulin sensitivity 
It is possible that in the course of months or years the persistent operation 
of such a dietary factor curtailing sugar tolerance and sensitivity to insulin 
may lead to progressive and permanent impairment of the individual's 
capacity to deal with carbohydrate so that finally diabetes melhtus appears 
One thing is evident and that is that the diabetic, pnor to the onset of his 
disease, chooses a diet which causes an approximation of his carbohydrate 
metabolism to that seen m diabetes melhtus 

Evidence has, therefore, been obtained in support of the hypothesis 
which this investigation was designed to test, namely, that the diet of the 
diabetic, pnor to the appearance of the disease, is one which in the non- 
diabetic subject impairs insulin sensitivity and sugar tolerance 


SUMMARY 


1 The diet of 143 diabetics pnor to the onset of their disease has been 
compared with the diet of two comparable groups of normal subjects 
containing 137 and 121 individuals respectively 

2 Two methods have been used m eliciting the nature of this diet 
One, the qualitative method, which by questioning aimed at discovering 
the diet differed from the normal , the other, the quantitative method in 
which the subjects, from foodstuffs of known composition, chose a day b 
intake m food, which was then expressed in terms of carbohydrate, protein 

and fat 


♦ The change m sugar tolerance that occurs in a normal subjects 
carbohydrate in’ the diet from 50 g to 425 g was arbitrarily chrcen “ 
tolerance (H P H (8)) It is to this scale of percentage values that reference is 
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3 Both methods reveal that the majority of diabetics, prior to the 
onset of diabetes, prefer diets containing an excessive proportion of fat, 
and that a smaller number of diabetics than normal subjects prefer diets 
containing an excessivo proportion of carbohydrate foods 

4 It is shown that the diabetics chose diets of greater calory value and 
containing larger amounts of carbohydrate, of protein and of fat It is 
indicated that this increased consumption arises possibly from an error inherent 
in the method used The difference between the diabetics and normal 
subjects m the amount of fat consumed is, however, from a statistical point 
of view, so much greater than the difference in consumption of carbohydrate 
and of protein, that significance may be attached to it 

6 The diet of diabetics before the onset of the disease, in comparison 
with the diet of normal subjects contains the same proportion of protein, a 
diminished proportion of carbohydrate and an increased proportion of fat 

6 It is pointed out that similar diets impair sugar tolerance and insuli n 
sensitization in non-diabetic subjects, and that the ingestion of such a diet 
by a potential diabetic would favour the appearance of the disease It is 
suggested that the habitual ingestion of a diet containing a diminished 
proportion of carbohydrate may cause progressive permanent impairment 
of sugar tolerance and insulin sensitivity so that, in the course of time, 
diabetes melhtus results 
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DIET AND THE INCIDENCE OF DIABETES MELLITUS 


Bv H V HI MS WORTH * 

( From the Medical Unit, Untiersity College Hospital, London) 


In a previous paper by Himsworth and MarsJiall (22) it has been shown that 
diabetic subjects, before the development of their disease, choose diets 
containing a smaller proportion of carbohydrate and a greater proportion 
of fat than do normal individuals Since diets of similar composition to 
those chosen by diabetics have a deleterious effect upon sugar tolerance 
and insulin sensitivity of healthy men, as compared with equi caloric normal 
diets (21), the suggestion was made that the composition of the diet might 
bo an influential factor m the aetiology of diabetes melhtus The w eakness 
of this suggestion lies m the retrospective nature of the evidence upon wluoh 
it is based This evidence showed that diabetics, before the onset of the 
disease, chose diets differing from those of normal individuals, but it did 
not show that if the normal individuals had been given these “ abnormal ” 
diets a considerable proportion of them might have developed diabetes 
It might alternatively be that subjects predisposed to diabetes have, 
incidentally, dietetic preferences of this characteristic type As a direct 
proof of the validity of the suggestion is obviously impossible, the decision 
beta een these two alternative explanations of the dietetic difference can only 
be furthered by an appeal to circumstantial evidence, and the most promising 
line of investigation w ould appear to he m a comparison of the incidence rate 
of diabetes m various large groups of people and of the differences m dietary 
characteristics of each group If it can be demonstrated that there is an 
association between the standard diet of a population and the incidence rate 
of diabetes, or that m a particular population, change m the composition of 
the standard diet is associated with change m the incidence of diabetes, and 
that the differences in diet m various groups of the same population are 
reflected in corresponding differences m frequency of diabetes, then, the 
suggestion that the dietetic ldiosj ncrasies of the potential diabetic are of no 
significance becomes highly improbable 

In this paper an attempt will be made to summarise the available 
evidence on these points and to discuss the possible conclusions that it 
suggests 


* Beit Memorial Research Fellow 
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Preliminary consideration of the data 

As diabetes melbtus is not a notifiable disease there are no figures 
available showing its incidence m different countries To obtain an idea 
of the national incidence rate it is, therefore, necessary to rely on tho diabetic 
mortality rate m that country These rates are expressed as the number 
of deaths from diabetes for each 100,000 living persons 

In a recent paper Joslm, Dublin and Marks (27) have shown that the 
diabetic death rate is increasing steadily all over the world (Fig 1), despite 
the great improvement in treatment since the introduction of insulin 



Fig 1 Showing the increasing mortality rate from diabetes melbtus m some of the principal 
countries of the world (26) (27) (40) 


At first sight it may appear that the difference m diabetic mortality 
rate between different countries and the rising mortality rate m particular 
countries may be explained on the grounds of the relative degrees of efficiency 
m the national medical services and by the more accurate registration of 
deaths from diabetes during the last few years Such an explanation, 
however, hardly explains the different diabetio death rates of the different 
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capitals or of contiguous countries For example for the 3 car 1922 the death 
rate in Tokyo was 2 4, in London 9 5, m Now York 27 8 per 100,009 , 111 
1028-20 the rate in tho States of New Hampshire, Vermont and Maine 
axenged 25 5, whilst across the Canadian border in Quebec the rate was 
11 0 (1921-20) It is impossible that the standards of medical competence 
m these places should vary so enormously ns to produce such different rates 
It may bo concluded, therefore, that tho registration returns with their 
evidence of a rising diabetic death rate in many countries are rehable as a 
proof of increasing incidence of the disease , and tins conclusion receives tho 
support of the American workers (27) 

When insulin first came into general use in 1922-23 a slight reduction 
of the mortality rate was produced but from then on the death rate continued 
tho stead)' chmb which was apparent in the pre-insuhn era Naturally tho 
full benefits of msulm treatment were not attained m the first years of its 
use, and even now improvement m its therapeutic application appears still 
to bo in progress This is shown by the progressively increasing span of 
life between onset of the disease and death m fatal cases of diabetes Thus 
in Josbn’s experience (28) the average duration of life in fatal cases has 
increased from an average of 7 6 years m the period 1922-26, to an estimated 
average of 10 years m 1934 The average duration of life in diabetic patients 
is increasing , and yet the mortahty rate from the disease is rising rapidly 
It can only be concluded that the disease is increasing m frequency even 
more rapidly than is indicated by the rising diabetic mortahty rate, and an 
assessment of the national incidence of diabetes will, therefore, be too low 
if tins is taken as approximately identical with the diabetic mortahty rates 
It is, however, a just assumption that countries which are sufficiently xvell 
organised to produce detailed mortahty statistics, have standards of 
efficiency m medical treatment which do not, on the average, differ materially, 
If tins assumption is allowed then the annual proportion of fatal to living 
cases of diabetes m the various countries considered will be approximately 
the same, the diabetic mortahty rates will reflect the diabetic incidence 
rate, and a comparison of the national mortahty rates will indicate the 
relative frequency of diabetes m the different countries The various 
national mortahty rates cited m the present paper are used with this 
significance 

Details of the diets eaten by different races, nationalities and social 
classes are necessarily fragmentary and, therefore, comparison betw een them 
must be made with considerable caution 

Dietary studies have been earned out from time to time m most countnes 
m the world but the most careful and frequent studies have been made in 
Europe and North Amenca In these latter countnes dietetic data are 
available for different social classes and the diet is found to vary considerably 
with the economic status of the individuals concerned It is necessary, 
therefore, to decide what social class shall be taken as representative of the 
general dietary habits of a country The most suitable class appears to be 
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that of manual workers including all grades from the semi-skilled labourer 
to the artisan This class constitutes the majority of a country’s citizens 
and it is their tastes and preferences which to a large extent determine 
commodity prices The higher social classes can buy what they hke m the 
matter of diet, but the class of manual workers, whilst removed from penury, 
are, by financial pressure, restricted to those foods which are cheapest 
The diet of the manual workers, therefore, can be taken as more truly 
representative of the national diet than that of classes whose choice is either 
confined by poverty or is unrestricted by reason of affluence For this reason 
the comparison of national dietaries is restricted to that of the dietaries of 
manual workers in the different countries, unless it is specifically stated 
otherwise 

The laborious nature of the investigations required to obtain rehable 
information on the food intake of groups of people has generally resulted 
m these studies being confined to small groups of individuals In such 
groups individual variations in appetite cause considerable variation m the 
amounts of the different foodstuffs taken For this reason comparison of 
different diets on the basis of amounts is very unsatisfactory, and when one 
considers that the individuals studied are only a very small number of a large 
social class, any attempt to compare national diets on the basis of these 
figures becomes hazardous It is only m the case of extreme differences, 
such as those between European and Japanese diets that any significance 
can be attached to such comparisons The proportions of the different 
foodstuffs in the diet, however, provide a surer basis of comparison If one 
takes a senes of results from one social group giving diets of widely differing 
calory values (9) (47) it mil be found that although the amounts of the 
different foodstuffs vary widely the proportions are relatively constant 
Comparison between the different diets m tins paper has, therefore, been made 
on the basis of their proportionate compositions and this is most convemently 
expressed as the percentage of calones denved from carbohydrate, from 
proteins and from fat 

The proportion of dietary protem remains remarkably constant although 
the amount of protein taken vanes directly as the calory value of the diet 
Despite the wide range of composition in the diets of different races and despite 
the change m dietary habits that has occurred dunng this century, the diets 
chosen by different peoples and at different times, are all such as to contain 
about 12% of the total calones m the form of protein Changing tastes, 
racial habits, and social differences influence the type of diet by causing 
alteration in the proportions of dietary carbohydrate and fat selected The 
percentage of protem calories remaining constant, it follows that the per- 
centages of carbohydrate and of fat calones are in inverse relationship, so 
that, either may be used to express the type of diet under consideration It 
should thus clearly be understood that, m the succeeding discussion, a rise 
m the percentage of calones denved from fat always implies a corresponding 
fall m the percentage denved from carbohydrate and vice versa 
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The relationship of diet to national differences m the incidence of diabetes 

mcllitus 

The greatest recorded difference in the mortality rote from diabetes 
mclliMis is between the United States of America and Japan In 1030 the 
former had a rite of 24 0 and the latter of 3 5 That there are great 
differences between the diets of the two countries is common knowledge 
American diets contain a high proportion of fat and a low proportion of 
carbohydrate whilst Japanese diets arc characterised by a very low proportion 
of fat and a high proportion of carbohydrate Toda in 1027 (5S) stated that 
Japanese diets yield about 5% of calorics from fat and 80% from carbohydrate 

TABLE I 

Table eh owing that the typical diet of di/jcrcnt countries bears a relation to the diabetic mortality 
rate , those countries tn which the diet contains a high proportion of carbohydrate haung low 
rales and those icith a low proportion, high rates It should be noted that the calory i-aluc of 
the diet bears no relation to the d abche death rate 


Country 

1 

Ycnr 

Diabetic 
death 
mto for 
100,000 
living 

I 

1 

Diet 

Calory 

value 

Ycnr 

Befcrcncc 

Percentage of 1 
calorics — , 

from fat jfromcnrb 

United States of 
Aincncn 

1020 

20 4 

36 1 j 

» 

i 

60 8 i 

1 

3,175 

1020 

Pearl (48) urban 
■working families 

Uollnnd 

1030 

17 0 

35 6 

53 0 


1032 

Banning (6) urban 
working families 

Englnnd nnd Males 

1931 

14 5 

32 0 1 

58 0 

3,000 

1931 

Cathcart and 
Jlurrav (0) 
working families 
Cardiff nnd 
Reading 

Scotland 

1921 

10 1 

25 3 

57 2 

2 4G0 

1021 

Tullj (59) working 
families with 
menn ” mromo 
over 12/ a week 

Ttalj 

1030 

82 

182 

G5 3 

2 450 

1933 

Agnnllo (1) urban 
working families 

Japnn 

1010 

1 1 

29 

4 7 

85 0 

3 7GG 

1910 

Kobo and 

Soknmoto (31) 
w orkmen 


a figure which is m agreement with previous surveys of the last 50 years (14) 
(24) (31) , whilst m 1930 prisoners m Middle West penitentiaries were allowed 
diets yielding 38 1% calories from fat (23) When it is realised, as will be 
shown later, that fatty diets are m most countries the privilege of the rich, 
then the American allowance of fat for prisoners acquires more significance as 
a reflection of a popular taste for diets rich m fat An inspection of previous 
dietary studies in America (4S) confirms the existence of this preference 
In tlus respect it is significant that Atwater, in America, m the early years 
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of this century stated that a standard diet should contain 54% of carbohydrate 
calories and 35% of fat calories, whilst Rubner about the same time estimated 
the standard European diet as containing 67% of carbohydrate calories 
and 16% fat calories (see Lusk (34) p 447) 

The diabetic mortahty rates for the other principal countries of the 
world he between the above extreme rates, and dietary surveys show that 
the different national diets he between the extremes of the American high-fat 
low-carbohydrate diet and the Japanese low-fat high-carbohydrate diet 
In Table I comparison is made between the national diabetic death rates 
and the typical diet of urban working families m the particular countries 
In the examples chosen the different countries are graded by mortahty rate 
and it will be seen that a high death rate from diabetes is associated with 
diets containing a small proportion of dietary carbohydrate and a high 
proportion of dietary fat It can incidentally be seen (Table I) that no 
correlation exists between the total calory value of the diet and the diabetic 
mortahty rate 

It would be laborious to confirm here this association between the 
incidence of diabetes and the national diet by examining all the available 
evidence in detail, but m Fig 2 an attempt has been made, using many data 
of different nations, to demonstrate this association m a form that can easily 
be appreciated In this figure the percentage of calories from carbohydrate 
used by urban working class families in each country, is charted against the 
corresponding diabetic death rate of that particular nation for the year m 
which the dietary survey was made Thus in the case of the United States 
of America the death rate, 17 6, is plotted against the percentage of calories 
from carbohydrate, 50 8%, which is taken from the dietary survey by 
Pearl m 1920 (48) (Table I) 

The attempt to correlate the diabetic death rate of a country with the 
dietetic habits of a small number of its people must necessarily involve a 
large margin of error, but despite this the correlation appears to be astonish- 
ingly close It will be seen from Fig 2 that the points charted fall 
approximately on a hyperbolic curve and that the trend of this curve indicates 
that the countries with a high death rate from diabetes are those in which 
the inhabitants prefer diets containing a small proportion of carbohydrate 
(and a high proportion of fat), whilst the countries with a low diabetic 
mortahty are those in which diets containing a high proportion of carbo- 
hydrate (and a low proportion of fat) are chosen 

In view of this association the possibility may suggest itself that the 
diabetic mortahty of the Eskimos and the inhabitants of countries like 
Labrador should be very high But the popular assumption that they take a 
very high-fat low-carbohydrate diet is false Dietary studies by Mitchell (44) 
m Labrador show that the inhabitants choose diets yielding approximately 
70% of calones from carbohydrate and 21% from fat , Heinbeoker (18a) from 
studies on Eskimos living m primitive conditions on Baffin Island gives their 
diet as containing 8 2% of carbohydrate and 47 6% of fat calones , and 
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Fig 2 Diagram showing the relationship between diabetic mortality rates and the percentage 
of calories derived from carbohydrate in the diets at different times and m different nations 
The numbers above the points on the curve refer to the key winch is given below These 
key numbers ore in the left hand column , m the next column is the country concerned , 
m the thud column the diabetic death rate for this country m the year nearest to that m 
which the dietary study was made , m the fourth column the actual year of the dietaty 
observations , and m the lost column the number m the list of references, at the end of this 
paper, of the publication containing the dietary study 


Key 
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Country 
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Year 

Year 
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15 


* Avorago of classos with incomo of from £3 4s Od to £4 Os 2d 
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Thomas (67) states that the Eskimos themselves eat little fat These figures 
for fat calones are no greater than those given for modem Am erican diets 
Apparently m these cold regions fat is too precious for food and must be saved 
for making oil, ounng pelts, etc The incidence of diabetes amongst these 
races is unknown, but it has not been sufficiently high to excite comment 

Change in the national diabetic mortality rate in relation to change m the 

national diet 

It will be seen from Eig 1 that from the year 1900 to the year 1931 
a rise m the diabetic mortality rate has occurred in the principal countries 
of the -world In the majority of the countries this rise is interrupted at 
two places , during the years of the Great War and in the years Bbortly 
following the introduction of insulin into general medical practice The 
relation of the general upward trend of the mortality rate to the change m the 
dietetic habits of various countries will first be considered, and then the 
association between the fall in diabetic mortality during the war years will be 
correlated with the enforced changes m diet consequent upon war conditions 
The reason for the fall after the introduction of insulin requires no discussion 

During the last 30 years a steady change has been occurring in the dietary 
habits of the countries of the western civilisation The change has been 
manifested m the choice of diets with a gradually decreasing percentage of 
calones denved from carbohydrate and a gradually increasing percentage 
from fat but with little change in the total intake of food The alteration 
m diet is indicated clearly by figures available for England and Wales In 
1904 the Board of Trade produced figures showing that the “ man value ” 
of the diet in city workmen’s families was such as to yield 3,094 to 4,013 
calones, of which 710% to 65 7% were denved from carbohydrate and 
17 6% to 23 2% from fat (12) * In 1928 Cathcart and Murray (S) earned 
out a dietary survey of working-class families in Cardiff and Reading and 
found that the diets yielded on the average 3,000 calones with a denvation 
of approximately 68% from carbohydrate and 32% from fat In 1911-12 
Rowntree (53) found that English agncultural workers took diets averaging 
2,702 calones and yielding approximately 73% of calones from carbohydrate 
and 19% from fat, whilst in 1923 Hill (20) showed that similar subjects chose 
diets yielding 2,872 calones and containing 66% of calones from carbohydrate 
and 22% from fat Other dietary studies made m other years bear out the 
dietetic tendency revealed by these results 

The most complete results available are from Scotland In Glasgow 
dietary surveys have been made at fairly frequent intervals and as they were 
aE earned out on the same olass of the population we have a fairly complete 
record of the change m the dietary habits of the urban population of Scotland 
until 1924 , and the sequence can be earned up to 1930 by using the figures 
from similar families m the St Andrew’s survey of that year From 1900 


* The figures are given as recalculated by Dunluce and Greenwood (12) 
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to 1930 the proportion of fat in the diet increased from 25 6% to 33% and 
the proportion of carbohydrate decreased from 61% to approximately 53%, 
whilst the daily calonc intake remained at about 3,100 This changing diet 
of Scottish families is shown m Tig 3 m relation to the diabetic death rate, 
and it will be seen that with the steadily rising death rate the proportion of 
dietary fat rises and of carbohydrate falls 

In Holland similar studies have been made by Banning (5) on working- 
class families m the town of Zaandam In 1907 the percentage of calones 
from carbohydrate was 72% , and in 1916, 62% , m 1930, 53% The 
percentage of calones from fat was in 1907, 17% , m 1916, 26% , m 1930, 
36 6% The death rate from diabetes changed from 9 9 in 1910, to 13 1 
m 1916 and to 17 6 m 1930 

In the United States of Amenca, Pearl (48) from a study of the total 
food consumption over the years 1911 to 1918 arrived at a similar conclusion 
He found that there had been no increase m the “ per capita ” food consump- 
tion, but that “ the greatest relative advanoe m consumption was in respect 
of fat ” (48, p 221) 

Trom Tig 1 it can be seen that in the last 30 years the diabetic death 
rate has changed hardly at all m Japan, and in this time the working-class 
diet has undergone no significant change In 1 886 Enjkman (14) found that 
prisoners derived an average of 3 9% of their calones from fat and 84% from 
carbohydrate , m 1919 Kobo and Sokamoto (31) found workmen’s dietanes 
to yield 4 7% of the total calones from fat and 84 9% from carbohydrate , 
and Toda (58) m 1927 said that the Japanese diet still contained about 5% 
of calones from fat and 80% from carbohydrate 

It can, therefore, be concluded that any nse in the diabetic death rate 
dunng the last 20 years has occurred concurrently with a change m dietetic 
preference which led to diets containing a progressively larger proportion 
of fat and a progressively smaller proportion of carbohydrate In all cases 
the total intake of food appears to have remained at approximately the same 
figure 

The effect of the Great War on the diabetic death rate is shown m Tig 1 
Trom this figure it will be seen that the rate fell in those countnes m whioh 
the food supply was affected by the war and did not change in those m which 
the food supply was independent of the blockades Thus Japan and 
Australia had a steadily rising death rate through the war years and Italy, 
a practically self-supporting country as regards food, showed little change 
But countnes situated nearer the mam theatre of war show a fall whether 
they were actual belligerents or neutrals supplying food to the Central 
Powers, as was the case with Holland and Denmark The time relations of 
the fall m rates are of interest (Tigs 1 and 4) Thus the fall was apparent in 
Prussia m 1915 whilst it was not evident in England until 1917 It will be 
remembered that a strict naval blockade of Germany was enforced from the 
outbreak of the war, whilst the submarine blockade of England did not become 
really effective until the spring of 1 917 Further, the fall in diabetic mortality 



126 


B P BIMSWORTB 


in the United States of America did not occur until 1918 when the use of 
foodstuffs had become restricted by high prices and government regulations 

mm 

In Fig 3 are shown the effects of the war on the diabetic death rate and 
typo of diet available m Scotland The death rate fell from 11 4 m 1916 to 



Tig 3 Diagrams showing tho relationship of change in the diabetic death rate of Scotland 
to change in dietary preference The figures over the points showing the percentage of 
protein carbohydrate or fat indicate the reference to the dietary studies The diets charted 
under reference 9, however, refer only to the mean value of those diets in Cathcart and 
Murray's study which were obtained from individuals of a similar economic station to those 
from whom the other dietary data m this diagram were obtained, i e , to the families having 
weekly incomes between £3 4s fid and £4 Os 2d 

9 0m 1920 During this penod dietary studies were made by Ferguson (16) 
In 1915-16 food was still plentiful and she found that working-class famihes 
m Glasgow were taking 61% of carbohydrate and 26 2% fat (calory value 
2,890) In 1917 the food shortage began to be felt and the diets chosen 
by the same famihes now contained 64% of carbohydrate calories and 
23 6% of fat calories (calory value 2,661) In 1918 when the food supply was 
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rationed the figures had ohanged to 65 0% from carbohydrate and 21 7% 
from fat (calory value 2,680) It should be noted that the calory value of 
the diets changed little and are not much different from those found in studies 
before and some years after the War 

Naturally the food shortage was felt most acutely m the towns Here 
food restrictions were capable of rigid enforcement, and if the change m 
diabetic death rate is related to the change of diet then the change m rate 
m different cities should be proportional to the seventy with which the 
food supply was restncted In Fig 4 are shown the mortality rates for 



Fig 4 Diagmm showing tho effect of the Great War on the death rate from diabetes molhtus 
in New York, Berlin, London, Paris and Tokyo (20) 

New York, Berlin, Pans, London and Tokyo It will be seen that m Tokyo, 
where food was unaffected by the war, the death rate remained unchanged, 
and that in New York which was but little affected a shght fall in death rate 
commences in 1918 In Pans and London m winch the food available at 
different times vaned to the same extent a fall of rate of about 4 is shown, 
but in Berhn where the restnctions were early and severe the rate falls from 
22 5 to 10 8 In each case the fall m rate naturally lagged somewhat behind 
the dietary limitations and persisted for some time after the restnotions were 
lifted 

Information is available regarding the diets allowed in German towns 
during the war In 1912-13 the Eltzbaoher Commission (15) was set up to 
consider the allowance of food required if the population of Germany were 
to be kept m good health Tins Commission before the war recommended 
a diet containing 26% of calories from fat and 59% from carbohydrate 
(calory value 4,777) Actually in the winter of 1916-17 the civilian rations 
m Bonn contained 70% of calories from carbohydrate and 12 6% of calories 
from fat with a calory value of 1,610 (66) Tins figure for the calory va ue 
would appear to be unusually low, and Loewy (33) for the same year gives 
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the civilian diets m Berlin as containing 2,275 calones with 11% of fat and 
47% of carbohydrate The army was allowed 20% of fat calones and 62% 
of carbohydrate calones (calory value 3,025) (6) Later that year the allow- 
ance for labourers doing moderate work was 14% of fat and 72% of carbo- 
hydrate (calory value 2,051) (G) As regards the total calory value of the 
diet, Starhng (56) computes that workmen received up to 3,000 calones a 
day, and their dependents much less 

An interesting point is brought out by a study of the urban and rural 
death rates during the war period m Prussia (49) These are shown in Pig 5 
and it will be seen that the reduction m mortality m the towns ib very much 
more than m the country Starhng (56) m Ins report on the food conditions 
m Germany during the war throws an interesting light on this difference 
Apparently the efficiency of the government mechanism for food distribution 



Fig 6 Diagram allowing tho effect of the Great War on the urban and roml diabetic mortality 
rates in Prussia (40) 

was impaired to the point of breakdown by the non-co-operation of the farmers 
and market gardeners The German government estimated that 25% 
to 33% of the food produced m the country was held back for illicit trade 
and private consumption, and there can be little doubt that tlirough these 
illicit supplements the diet of the rural population changed relatively little 
dunng the war It is significant that the rural diabetic death rate also 
changed little 

It may be concluded that the diabetic death rate, during the war, fell 
in all countries whether belligerent or neutral, in which the food supply was 
affected by the hostilities, whilst m those countries m which the usual supply 
of food remained available, the rate was unaffected The dietary change 
associated with a fall m moitality rate was one yielding a diet with an 
increased proportion of calories fiom carbohydrate and diminished proportion 
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from fat Change m the proportion of foodstuffs involved also reduction m 
the calory value of the diet, though m Great Britain this reduction was 
shght It can also be seen that the reduction in diabetic death rate was 
proportional to change m the diet The greater the proportion of carbo- 
hydrate in the diet, and the smaller the proportion of fat the greater the 
reduction m mortality 

Variations tn diabetic mortality m relation to local dietetic conditions 
It is well known that the diet of the rural population differs from that 
of the urban population of the same country, and it is of interest to note 
that the diabetic mortality rates also vary In Table II urban and rural 


TABLE H 

Table showing the difference between urban and rural mortality rates from diabetes melhtus tn 
VJS A , Denmark, England and Wales (28) and Prussia (40) The rural rale for England 
and Wales is higher than the urban, but when this is corrected for age and sex distribution it is 



US 4 

Prussia 

Denmark J 

England a 

nd Wales 

Year 

Urban 

Rural 

Urban 

Rural 

Urban 

Rural 

Urban 

Rural 

1020 

104 

13 1 

82 

41 

14 5 

110 

00 

10 4 

1021 

20 2 

13 6 

10 1 

46 

17 8 

11 0 

10 5 

12 0 

1022 

22 4 

14 0 

10 0 

4.8 

20.2 

112 

11 7 

12 8 

1023 

21 0 

14 3 | 

12 3 

56 

16 0 

12 5 

11 3 

12 0 

1024 

20 2 

13 4 

14 0 

5 1 

102 

08 

10 8 

12 0 

1025 

21 1 

13 1 

15 0 

65 

16 2 

10 8 

110 

12 1 

1026 

22 6 

13 0 

14.0 

56 

14 3 

12 1 

113 

12 8 

1027 

22 4 

13 3 

18 0 

75 

154 

11 2 

12 6 

12 0 

1028 

24 6 

14 4 

18 8 

7 1 

15 5 

11 7 

12 0 

14 4 

1020 

24 2 

14 2 



16 8 

11 2 

14.1 

14 8 

1030 





168 

12 7 

14 3 

14 2 

1031 





18 6 

13 0 

14 4 

15 2 


death rates for the United States of America, Prussia, Denmark and England 
and Wales are given for the years 1920 to 1931 These figures represent the 
crude death rates and when it is remembered that diabetes melhtus is much 
more co mm on m old than m young people, it will be reahsed that m a country 
such as England and Wales, where the rural is of greater age than the urban 
population, death rates uncorrected for age distribution may give an 
erroneous impression of the relative mortality of the two populations In 
Table II the figures for England and Wales differ from those of the other 
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three countries in shoeing a higher rural than urban diabetic mortality rate, 
but when tins crude rate is corrected for age and sex it falls into line with 
the rural rate m other countries (28) Similarly m Table HE when the crude 
rates for the four American States showing higher rural than urban crude 
rates are corrected the rural rate is found to be below the urban It may be 
taken, therefore, that the rural death rate from diabetes melhtus is 
consistently belon the urban rate 

Dietetic studies on rural populations have been carried out m America 
and m England and Wales In 1903 Atwater (3), m America, found that 
farmers took diets yielding 55% of carbohydrate calories and 34% of fat 
calories whilst business men had diets containing 50% of carbohydrate and 
37% of fat calones The calory value of the diets was approximately the 
same, averaging 3,767 calones for the farmers and 3,678 calones for the 

TABLE nr 


Tabic shovnnn the diabetes mortality i» urban and rural areas oj UJS A expressed as the mean death 
rate per 100,000 white persons for the year 1028 1020 (28) 




DIET AND DIABETES 


131 


urban groups 3,181 The urban death rate m 1920 was 19 4 and the rural 
13 1 Note should be taken that the rural diets were of higher calory value 
than the urban 

In England and Wales, m 1903, Dunluce and Greenwood (12) found 
agricultural labourers taking diets containing 65 0% of carbohydrate 
calones, 24 6% of fat calones, and having an average calory value of 3,646 
Rowntree (53) in 1911-12 on another group found diets of 73% carbohydrate 
calories and 19% fat, with a total calory value of 2,702 , whilst Hill (20) 
m 1923 found similar families m Essex taking diets with 65% carbohydrate 
calories and 22% fat calones m a diet of 2,872 calones An economically 
comparable urban population in Glasgow was found by McNae (40) m 1924 
to be selecting diets containing 51% carbohydrate calones and 30 4% fat 
calones and with an average calory value of 2,647 calones 


TABLE IV 

Table showing the mean crude death rate per 100,000 for the years 1021 1026 for the provinces of 
Canada (42) 


State 

Deaths from diabetes 
per 100,000 population 

Prince Edward Island 

10 6 

Novo Scotia 

HI 

New Brunswick 

11 1 

Quebec 

11 0 j 

Ontario 

11 0 1 

Manitoba 

82 | 

Saskatchewan 

62 1 

Alberta 

80 

British Colombia 

11 0 | 


These examples will suffice to show that rural populations choose diets of 
approximately the same calory value as urban but which differ m containing 
a higher proportion of calones from carbohydrate and a smaller from fat, 
and also that rural populations have a lower death rate from diabetes than 
similar urban communities 

Apart from the rural and urban differences m diabetic death rates, 
differences occur m different localities m the same country This is most 
strikingly brought out m North Amenca In Table III are given the 
diabetic mortality rates for 1928-29 m the registration States of the United 
States of Amenca and m Table IV the rates for Canada for 1921-26 

It will be seen that as one proceeds north from the Gulf of Mexico the 
diabetic mortality steadily increases until one crosses the Canadian border 
Then the rate drops sharply 
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The average death rate from diabetes for 1928-29 in the United States 
was 19 0 for the general population, 24 4 for the urban population {Table HI) 
Taking the ten Southern States which have been longest settled (marked f in 
Table III) it is found that none have a death rate wluoh reaches the average 
for the whole country The average general rate for the ten is 11 0 and the 
urban rate 19 9 In the ten northern Atlantic states (marked * m Table HI) 
the average general rate is 24 4 and the urban rate 28 3 Crossing the 
Canadian border the average general rate falls to 12 0 m 1928 If geo- 
graphically contiguous states m Canada and U SA. are considered then it 
will be found that whilst the rate in Quebec in 1926 was 11 0 the average of 
the rates for Maine, New Hampshire, Vermont and New York was 25 8 m 
1928-29 It is obvious that the diabetic death rate ib not a question of 
latitude, and the differences between contiguous states show that it is not 
a matter of climate The possibility that race may play a part suggests 
itself but is immediately rejected from a consideration of the rates m the 
white and negro populations of the USA In the Southern States we have 
the opportunity of studjang two completely different races living under 
similar conditions, and ideally constituted each to act as a control group for 
the other It used to be said that American negroes were relatively immune 
to diabetes but in the five-year penod ending m 1930 the mortality for 
coloured persons was very little lower than that of the white race (27) In 
Table V are given the figures from the American registration areas m which 
classification is made into “ white ” and “ coloured ” It will be seen that 
the diabetic mortality rates vary in the same way m each locality, and that 
both races conform to the general observation in U S A that the farther 
north they are domiciled the greater the incidence of diabetes Further it 
can be seen from Table V that for coloured, as for white races, the urban 
rate is greater than the general rate for the whole state It is, therefore, 
dear that the factor determining the incidence of diabetes m the different 
States of North America is not race 

Dietary studies from the prisons of two of the Southern areas are 
available Thus men m the prison at Atlanta, Georgia, were allowed, m 
January, a diet of 4,006 calories containing 27 9% fat calories and 59 7% 
carbohydrate calones (23), and the death rate in Atlanta was 13 1 “ white ’ 
and 14 2 “ coloured.” Men m the Kansas prison of Fort Leavenworth m 
the same month were allowed a diet of 4,197 calones containing 32 5% of 
fat calories and 52 8% of carbohydrate calones (23), and the diabetic death 
rate in Kansas City was 19 9% “ white ” and 22 3% " coloured ” Figmes 
for the diets of negroes m the Northern States are not available but 
Rosenthal (52) has collected general information on this subject He sent 
questionaures to negro institutions m Louisiana, Alabama, North Carolina 
and Texas The replies showed that the negro diet m the South consisted 
mainly of carbohydrate and that “ meat, butter, milk and eggs were eaten 
,n minimal quantities” Then “when the coloured persons came to the 
North their standard of living was immediately elevated, they received 
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higher wages for the same work as that done in the South, and it was found 
by an enquiry in Chicago that “ their consumption of meat, milk, eggs and 
butter approaches and to some extent surpasses that of white persons ” 
It would appear, therefore, that the diets of the negroes have a relatively 
high proportion of carbohydrate m the South where the incidence of diabetes 
is low, and that as they move north and come to take diets containing 
progressively smaller proportions of carbohydrate, the incidence of diabetes 
increases amongst them 


TABLE V 


Death rate from diabetes mellitus per 100,000 population %n the States and cities of V S A in which 
classification into white and coloured is made The figures are the mean rate for 1020, 1025 
and 1026 (42) 


States 

Death rate 
per 100,000 

Cities 

Death rate 
per 100 000 


White 

Coloured 


White 

Coloured 

Alabama 

78 

70 

Fort Worth 

05 

70 

S Carolina 

02 

6 1 

Dallas 

14.2 

16 8 

N Carolina 

87 

74 

Birmingham 

15 2 

08 

Tenessee 

74 

84 

Atlanta 

13 1 

14.2 

Mississippi 

10 1 

63 

Nerv Orleans 

10 6 

10 0 

Louisiana 

10 7 

78 

Memphis 

16 5 

15 3 

Hondo 

14.3 

66 

Nashville 

16 3 

16 0 

Kentucky 

00 

12 4 

Norfolk 

13 0 

06 

Virginia 

11 3 

10 2 

Richmond 

18 2 

12 8 

Maryland 

20 6 
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— 

— 


— 

— 

Average rate 

14 0 

13 4 

Average rate 

08 

85 







Washington 

18 7 

22 0 




Baltimore 

26 4 

17 3 




Louisville 

20 0 

16 8 




Indianapolis 

21 8 

15 6 




Kansas City Mo 

10 0 

22 3 




Average rale 

21 2 

10 0 




Mean rate for all 





1 

above 

17 1 

16 4 


It will be shown later that a very dose relation exists between income 
and composition of the diet (Tables VIII and IX) It is an invariable 
rule that as income increases the proportion of carbohydrate in the diet 
falls, and if it can be assumed that the white working man m the Northern 
States is better paid than the white working man m the Southern then 
it can be deduced that the Northern white takes a diet containing a 
smaller proportion of carbohydrate than the Southern white It has 
already appeared that in the case of the “ coloured ” Am erican citizens 
increasing incidence of diabetes is found in association with the taking 
of diets containing a decreasing proportion of carbohydrate and an 
increasing proportion of fat I would further suggest that if dietary 
studies are earned out in the different states on white persons of comparable 
social class, it will be found that the diabetic mortality of the whites is 
associated with a similar change in composition of the diet 
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Dietary studies for Canada ore not available In Quebec, however, 
we have a population proud of its Latin ancestry, and if we can assume 
that their dietary bears traces of their ongin it will be obvious that 
their preferences as regards food will be different from those of the 
contiguous Am erican States In 1910 Slosse and Waxweiler (55) found 
that the diets of Belgian workmen engaged m moderately hard work 
had an energy value of 3,972 calories and yielded 53% of calones from 
carbohydrate and 22 3% from fat White workmen engaged m similar 
work in USA were found to take diets of 4,397 calones* containing 
40% of carbohydrate and 37 7% of fat calones In the absence of more 
definite information, however, I hesitate to suggest that the relatively 
low Canadian diabetic death rate is related to the difference between the 
diets of Northern States of U S A and Canada 

Similar vanations m diabetic death rates may be found m other 
countries For example the rate m Scotland has always been lower than 
the rate m England It is significant that from their expenence of dietary 
surveys m both countnes Cathcart and Murray remark “It is cunous 
to note how definitely the fat content of the two English diets (families 
m Cardiff and Reading) is above that of any of these Scottish diets 
racial idiosyncrasy possibly plays a part It certainly cannot 

wholly be ascribed to marked differences m income between the different 
communities ” (9) 

It may be concluded, therefore, that there is an association between 
the low death rate of rural communities, as compared with urban 
populations, and the typical rural diet which contains a smaller proportion 
of fat and a larger proportion of carbohydrate as compared with the 
diet chosen by a comparable social class m towns, although the calory 
value of the two diets is approximately the same And it is probable 
that the progressively increasing diabetic mortality on proceeding northwards 
in the United States of America is also associated with a progressive 
diminution in the carbohydrate proportion of the diet 

Variations in the diabetic mortality rale of certain races m relation to 

change of dietary habits resulting from differences in environment 

There appears to be unanimous agreement that the incidence of 
diabetes melhtus is very low m the lower social grades of coloured races 
resident in their native lands , but there is evidence that when these 
races are transplanted to westernised countries the diabetic mortality 
rate rapidly nses The African negro provides a very good example of 
this change 

In Africa the incidence of diabetes amongst the negroes would appear 
to be extremely low According to Mills (42), m two districts m Nigeria, 
•where registration of the causes of death is compulsory, the diabetic 


* Dunluee and Greenwood’s calculation (12) 
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death rate among the natives m 1920 and 1927 was less than one per 
hundred thousand population Zieman (7) states that m the Cameroons 
it is very rare, Martin (35) confirmed its ranty on the West Coast of 
Africa m general, and Orr and Gilks (45) recorded no cases amongst 
50,000 patients of the Kikuyu and 1,200 patients of the Masai tribe 
coming under treatment by the Kenya Medical Service It may thus 
be concluded, even m the absence of reliable mortality figures, that 
diabetes mellitus is a rare disease amongst negroes m Africa 

Unfortunately I have been unable to discover any information 
regarding the diet of negroes resident m the old slave countries of West 
Africa, but reliable studies of East African native dietaries are available 
The natives of Africa fall roughly into two groups — the pastoral tnbes 
and the agricultural tnbes In a dietary study of two Kenya tnbes 
Orr and Gilks (45) found that the agncultural Kikuyu tnbe took diets 
containing 72 4% carbohydrate and 9 2% fat calones, whilst the nomad 
Masai tnbe had a diet yielding 37 6% calones from protein, 12 4% from 
carbohydrate and 60% from fat This latter diet contains the highest 
proportion of fat of any recorded diet but unfortunately the evidence 
as to the presence or absence of diabetes in this tnbe is so scanty that 
no opinion can be expressed on the diabetic incidence rate In Nairobi, 
Henderson and Kelly (19) gave the pnson diet as containing 72% of 
carbohydrate calones and 14% from fat, and Donmson’s (10) impression 
of the diet of East African natives m general agrees with these figures 
It is probable that m the hot low-lying coast lands of the West where 
the ground is fertile and dense vegetation renders the country unsuitable 
for pastoral purposes, the diet of the natives approximates to that of 
the agncultural tnbes of Kenya 

Turning now to the expatriated African negro m the United States 
it is found (Table V) that diabetes is not only a common disease but the 
diabetic death rate is equal to the rate m the white population of the 
same locality As has been shown m the previous section, the diabetic 
death rate for negroes in USA increases at approximately the same 
rate as that for white persons as one proceeds northward At the same 
time when negroes come north they rapidly adapt their dietary habits 
to those of the surrounding white people (52) whilst it is probable that 
m the south the dietary habits of the negroes are not far different from 
those of the southern whites 

The pnson diets supplied m the south, as has been noted, contain 
about 60% of carbohydrate calones and 28% of fat calones It is, 
therefore, a probable conclusion that the increasing diabetic mortality 
amongst negroes as one proceeds from Africa to the southern states of 
USA and from here to the more northerly states is associated with 
a change in dietary habits involving a gradual decrease m the proportion 
of dietary carbohydrate and a gradual increase in the proportion of 
fat 
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A comparison of the Chinese in China and m USA leads to the 
same conclusion Chun (10) reports that the Chinese diet m North China 
contains a large proportion of carbohydrate and a minimal proportion 
of fat He also reports that diabetes is rare amongst the natives of 
North China and m this observation he is supported by Mills (42) On 
the other hand, amongst the Chinese living m America, according to 
Joslm (28), the diabetic mortahty rate is high Here again in the Chinese 
as m the case of negroes moving to the northern states, it is probable 
that a ohange m dietary, consequent upon the migration, has occurred 
Two European races — the Irish and the Italian — provide interesting 
data The Irish emigrants come from the poorest sections of the agricultu- 
ral community, and a dietary survey of 1911 shows that their diet yields 
16 5% of calones from fat and 72% from carbohydrate (32) It is, 
therefore, of interest to note that the Irish Free State, which economically 
is the poorest section of the British Isles, has the lowest diabetic mortahty 
rate In 1931 this was 8 2 as against 9 6 for Northern Ireland, 13 6 
for Scotland and 14 6 for England and Wales The rates for the Irish 
m New York State are shown m Table VI It will be seen that even 


TABLE VL 

Table showing the standardised diabetic death rates per 100,000 white persons tn New Yorl 
State of immigrants classified by country of birth (28) 


Age 

groups 

United States 

England, Scotland 
and Wales 

Ireland 

Italy 

M 

F 

M 1 

F 

m ; 

F 

M 

F 

All ages 

15 4 | 

16.1 

1 

151 

18.8 

18 4 | 

1 

28 7 j 

n 


80 

25 — 64 

21 1 

21 0 

| 106 j 

20 3 

30 8 j 

40 2 j 

D 
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in the year 1910, when the general rate for the USA was much lowei 
than m 1931, the death rate from diabetes amongst the Irish settlers 
m America was not only greater than m their native land, but even 
greater than amongst true born Americans Joslm (28) makes the 
suggestive remark that “the level of well-being and prosperity amongst 
the lash in this country is far higher than m Ireland itself,” and it is 
probable that eomcidently with the increase in prosperity the diet has 
changed so as to contain less carbohydrate and more fat 

The Italian immigrants to the United States form an interesting 
contrast to the Insh In 1910 the diabetic death rate m Italy was 4 7 
and reference to Table VI will show that for the same year the Italian 
settlers m America showed a rate that was only a httle higher than this 
It appears that Italian immigrants to the United States tend to form 
communities where their racial habits are to a considerable extent 
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preserved and a survey of the diets chosen m the Italian quarter shows 
that their dietary habits correspond closely to those of their countrymen 
m Italy (39) Typical Italian peasant diets m 1906 were found to yield 
71% of calories from carbohydrate and 18% from fat (2) 

It would be interesting to have data with regard to the dietary 
habits of Jews Joslin (23) has collected evidence showing that in Europe 
and m the old Jews of America the incidence of diabetes is very high 
He points out, however, that m his wide experience diabetes is no more 
common amongst young American Jews than amongst the rest of the 
population and the evidenoe of hereditary disposition is no stronger (26) 
It is, at least, possible in America where anti-semi tic feelin g is weaker 
than m Europe and consequently does not result m as stnot segregation 
of the race, that the succeeding generations of Am erican born Jews 
progressively acquire American habits and that after one or two generations 
their dietary preferences are those of Americans m general Unfortunately 
I have been unable to find figures relating to the food consumption of 
Jews in Europe so that it is impossible to tell whether American born 
Jens eat more carbohydrate than Jews brought up m Europe 

Finally, a small but interesting point comes from India (7) Certain 
sects of the Hindus — the Jains and the Marwans — are restricted by the 
tenets of their religion to a strictly vegetarian diet Hindus of other 
sects take a mixed diet The incidence of diabetes mefiitus amongst 
the vegetarians is said to be low whilst amongst the less strict Hindus 
it is relatively high 

It may now be concluded that when change m environment produces 
change m dietary habits, change m diabetic mortality is also found 
When the diet taken m the foreign land is found to contain a smaller 
proportion of carbohydrate and a larger proportion of fat than the diet 
of the native country, then the diabetic mortality in the new environment 
is higher than m the country of birth This association is independent 
of race and colour Where the diets of Europeans and Africans approximate 
then the respective diabetio death rates also approximate 

The relationship of economic position and of occupation to the diabetic 

mortality rate and dietary habits of different social classes and different 

trades 

The death rate from diabetes mellitus vanes in different social classes 
A special report on this subject was issued by the Registrar-General (61) 
for England and Wales covenng the years 1921 to 1923, and his results 
are shown m Table Vll The data concern all occupied and retired 
civilians and these are divided into five social groups Class I the 
professions and the higher ranks of business life , Class II farm owners, 
retail merchants, clerks, teachers, etc , Class HI skilled workers , Class IV 
semi-skilled workers including agncultural workers , Class V unskilled 



138 


H P HIMSWORTH 


workers In the last line of the table the figures for a similar report 
covering the years 1910 to 1012 (50), are given 

TABLE vn 


Table showing the rise tn mortality rate from diabetes mcThtus with social class tn England and 
Wales (CO) (Cl) 


Ago group 

1 

All occupied 
and retired 
civilian males 

Social class 

I 

11 ! 

HI 

i 

V 

1021 23 

1 

1 

1 

i 

i 




All ages 20-01 

12 2 

16 2 

, 177 

11 2 

j 

02 

81 

10 - 10 

33 

20 

23 

! 38 

j 

32 

2.8 

20 - 24 

4 1 

4 3 

5 1 

1 

I 45 

45 

42 

25 - 34 

56 

03 

7 1 

( 53 

47 

! 

52 

35 - 44 

07 

4 7 

80 

' 0 0 

00 

62 

45 - 54 

12 8 

100 

10 3 

11 5 

80 

10 7 

55 - 04 

32 4 

40 8 

55 1 

30 4 

214 1 

14 5 

05 - 00 

05 3 

153 0 

114 3 

61 2 

j 

30 2 

20 5 

70 - 

00 7 

203 0 

1 

i 

177 2 

i » 

71 7 

1 

66 4 

i 

45 7 

1010-12 





1 

i 


All ages 20-05 

10 0 

14 0 

14 0 

00 

40 1 

SO 


It will be seen that as regards the death rate from diabetes at all 
ages the figures both for 1921-23 and 1910-12 show that mortality increases 
progressively with nse m social standing and economic position An 
exception is seen m the 1921-23 figures in the higher rate of Class 13 
than of Class I This higher rate, however, disappears in the older age 
groups and the lead passes to Class I It is possible that this finding 
may be reconciled with the results in general on the ground that economic 
eminence is seldom attained m the professions and higher ranks of business 
until middle age is reached It should also be noted that the figures 
for the different classes refer to the years 1921-23 when insulin was first 
being introduced into medical practice, and it is to be presumed that 
insulin, at the pnee asked at that time, was more easily obtainable by 
members of the higher social and economic classes 

Dietary studies on the different social classes m Scotland have been 
carried out by Cathcart and Murray (9) and are shown m Table VIII 
They found that the total intake of food was determined, not by the 
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seventy of the manual •work undertaken, but by the income received 
As the income nses the calory value of the diet increases and the amount 
of protein increases m parallel so that the percentage of calones from 
protein remains remarkably constant m the different economic groups 
(Table VIII) The increase m calory value is brought about mainly by 

TABLE vm 

Calhcarl and Murray's (8) figures from a study of 105 families in St Andrew's, Scotland, 1030, 
showing that as tneome increases the proportion of carbohydrate in the diet falls and the proportion 
of fat nses 


Auorntrn linuoO i 


Diet per man per day 


HVlll dUU llUUov 

keeping allowance ! 

nor mnn fru 1 

Percentage calones 


^ Calories 

uui limit luu, 

(weekly) | 

from Curb 

from Prot j 

from Fat 


8/0 

58 2 

l 

11 3 ' 

i 

30 5 

2,341 

12/3} 

50 7 

114 | 

31 0 

2,005 

15/10} 

55 0 

10 0 

34 4 

3,240 

18/3} 

53 3 

112 

35 5 

3 105 

22/2} 

61 8 

110 

37 2 

3,244 

30/2} 

i 

51 2 

10 8 

38 0 

, 3,702 


increased consumption of fat so that with rising income the proportion 
of fat m the diet nses and the proportion of carbohydrate falls (Table VIII) 
Similar results have been obtained by Pearl (48) m America 

This correlation between economic position and composition of the 
diet would appear to be a general rule for all races Table IX gives 
a senes of dietary studies m Bengal and the Indian Umted Provinces 
It will be seen that the proportionate composition of the native diets 
vanes m relation to social class m exactly the same way as it does m 
European diets, and it will be found on reference to the papers that 
here again with nsmg social class the calory value of the diet nses, the 
amount of protein increases m parallel and the amount of fat increases 
disproportionately The general conclusion may thus be drawn that, 
with increase of income, diets of increasing calory value are taken and 
that these diets contain more fat and less carbohydrate The beanng 
of this conclusion on the change m dietary habits of native races transplanted 
to countries m which the economic standard is higher, is obvious 

Figures with regard to the mortality from diabetes m India are 
fragmentary, but m two congresses held, one m 1907 (7) and the other 
in 1927 (13), there was unanimous agreement as to the incidence of 
diabetes in the different social classes It was agreed that diabetes 
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mellitus is rare amongst the lower classes and extremely common amongst 
the relatively well-to-do It is noteworthy that Dutt (13) emphasised 
the point that diabetes is common m just those social groups which take 
a relatively small proportion of carbohydrate in the dietary The current 
belief that the relatively well-do-do Bengalis take a large proportion of 
their diet as carbohydrate is incorrect (Table IX) Fatty foods, such as 
ghee, are expensive and the poor cultivators cannot afford them, whilst 
the richer classes, following the general rule (Table VIII) take fatty 
foods m amounts which increase m proportion to their income 

TABLE IX 

Figures showing the diets oj dijfcrcnt social classes in Bengal and the United Provinces (UP) 
The figures in parentheses refer to the publication from which the data were lalen The results 
show that the higher the social class the smaller the proportion of carbohydrate in the diet and the 
larger the proportion of fat 


l 


Social class 

Diet 

Percentage calorics 

from Curb 

from Prof 

from Fat 

Well to-do Bengali (38) 

410 

12 0 

47 0 

Well to do Bengali (4) 

47 7 

12 0 

40 3 

Professional men, U P (4) 

48 2 

11 0 

30 3 

Middle class (uppor) Bengal (38) 

02 0 

12 0 

30 0 

Middle class (lower) Bengal (38) 

71 0 

i 

90 

20 0 

Cultivator, U P (4) 

771 

131 

98 

Cultivator, Bengal (38) 

8] 0 

80 

10 0 

Prisoner, TJ P (37) 

82 0 

12 0 

00 

Prisoner, Bengal (30) 

81 0 

04 

00 


In Egypt a similar correspondence is revealed (25) In this country 
also diabetes is common amongst the well-to-do and uncommon amongst 
the poor, and here again it is found that the poor take a large proportion 
of their diet as carbohydrate and a small proportion as fat 

It may be concluded, therefore, that with rise m social status there 
occurs an increase m mortality from diabetes and also a change m dietary 
habit so that more food is eaten and the constitution of the diet changed 
to contain a greater proportion of fat and a smaller proportion of 
carbohydrate 
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Discussion 

Over-eating, excessive consumption of sugar and over indulgence m 
alcohol have all been indicted as significant factors in the {etiology of 
diabetes melhtus, and it is necessary first to examine the evidence upon 
which these general opinions are based 

An association between the diabetic mortahty rate and the total 
amount of food consumed is not suggested by the information I have 
been able to collect It is true that in the section deabng with relationship 
of the increase m diabetic mortality to change m dietary habits consequent 
upon greater economic freedom, the total food consumption does increase 
as one proceeds up the social scale But in the other sections no such 
parallel increase of food intake and diabetic mortahty is found From 
Table I it can be seen that there is no association between the diabetic 
death rate of the different countries and the calory value of the diet 
A consideration of the English, Scottish and American dietary surveys 
for the last thirty years reveals no sign of an increase m food intake, 
although the diabetic death rate has risen steadily in each During the 
war penod in some countries the daily supply of food was certainly 
restricted but surveys earned out by Ferguson (16) during the years 
1916 to 1917 on the same families show that, in Scotland, the daily intake 
of food only varied by about 200 calones during thus penod Again 
the corrected rural diabetic death rate is consistently lower than the 
urban rate and yet the food consumption of comparable rural and urban 
economic groups is approximately the same The evidence would 
therefore, appear to be against the suggestion that increased food 
consumption plays a significant part in determining the incidence of 
diabetes melhtus m different groups of people 

It is only natural that excessive consumption of sugar should sooner 
or later be suggested as a factor m the causation of diabetes melhtus 
The work of Joshn, Dublin and Marks (28) and Mills (43) has, however, 
shown that there is no evidence in support of this suggestion 

The evidence with regard to the influence of alcohol on the national 
incidence of diabetes is small but definite Ismail (26) stated that m 
Egypt diabetes melhtus was common amongst the well-to-do and rare 
amongst the poor, and he also pomted out that the majority of his 
patients had never touched alcohol in their hves An inspection of the 
English figures (61), giving the mortahty from diabetes melhtus in different 
trades, shows that the mortahty amongst bar tenders is low and amongst 
brewers and maltsters only about the average for all occupied males 
When it is remembered that in England it is still the custom for brewers 
to allow their employees a liberal quantity of free beer every day then, 
if alcohol favours the development of diabetes melhtus, it is surprising 
that the brewing trades do not figure high on the hst of trades with 
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a high mortality from diabetes It is probable, therefore, that alcohol 
plays no significant part m the causation of diabetes mellitus 

Of influences militating against the development of diabetes mellitus one 
only has been suggested Bose (7) has suggested that hard manual work 
retards or prevents the progress of factors predisposing to the diseaso This 
suggestion is in accord with clinical impressions and must bo allowed as a 
definite possibility 

Joslm (20) has been so impressed by the association of over-weight 
and diabetes melhtus that he lias said that diabetes is the penalty of 
obesity, and m a recent paper with Dublin and Marks (29) he has produced 
evidence which strongly supports this contention The results of Himswortli 
and Marshall (22) obtained from a senes of diabetics, of whom 00% were 
overweight, show that these diabetics, before the onset of diabetes, chose 
diets contaimng a diminished proportion of carbohydrate and an increased 
proportion of fat The possibihty suggests itself that the ingestion of 
tlus type of diet may be responsible for the obesity, m which case the 
more fundamental association of diabetes mellitus would bo, not with 
overweight, but with the diet which, incidentally, promotes obesity 

The onlj dietary factor which can be correlated with the diabetic 
mortality rate is the proportionate composition of the diet The information 
presented m this paper indicates clearly that a low death rate from 
diabetes is associated with a high percentage of carbohydrate m the diet , 
a high death rate with a low percentage of carbohydrate , and an 
increasing mortality rate with a diminishing percentage of dietary 
carbohydrate 

The significance of this association requires further discussion Have 
potential diabetics an innate and possibly incidental preference for diets con- 
taimng a relatively low proportion of carbohydrate and a relatively high 
proportion of fat * This suggestion appears untenable It is impossible to 
imagine either that the innate dietary preferences of Irish immigrants change 
when they settle in America, or that the majority of Irish who migrate 
are predisposed to diabetes It is also incredible that the high incidence 
of diabetes amongst the persons whose work brings them a high financial 
return, should be explicable on the grounds that ability to earn a large 
income is more prevalent amongst persons with a certain dietary tendency 
And similarly the high diabetic mortality rate amongst wlute and coloured 
races m the northerly states of U S A and the low mortality m the 
South, can hardly be explained on the grounds either that potential 
diabetics or persons with certain innate dietary preferences tend to 
congregate m different localities The logical explanation of these examples, 
and of all the data that it has been possible to collect, is that the dietary 
habits of a people are determined by traditional or economic environmental 
pressure and that the diabetic death rate m a population is decided by 
the character of its diet Change m the character of the diet so that 
it comes to contain a smaller proportion of carbohydrate and a larger 
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proportion of fat results in a rise m the incidence rate of diabetes 
mcllitus 

This conclusion is m agreement with the results of Himsworth and 
Marshall (22) They showed that diabetics prior to tho onset of the 
disease took diets which, in comparison with tho diets of non-diabetics, 
contained a lower proportion of calories from carbohydrate and a high 
proportion from fat Tho methods they used in their investigation did 
not permit them to draw conclusions regarding the difference in amounts 
of carbohydrate, protein, and fat ingested by the diabetic and normal 
group The data presented m tho present paper, however, do permit 
a deduction to be made on this point 

As has been pointed out the proportionate composition of the diet 
indicates national dietary preferences more surely than the absolute 
amounts of the different foods in the diet These latter are determined 
bj the appetites of individuals whilst the proportions appear to be largely 
decided by the dietary fasluon of the majority If now it can be shown 
that the average intake of food has remained approximately constant 
then change m tho proportions of different foods in tho diet necessanty 
implies change m the amounts of the different foods 

In the last tlnrty years the calory value of the diet in England, 
Scotland and USA has remained approximately the same, and as in 
these countries the national diet has progressively changed so as to 
contain smaller proportions of carbohydrate and larger proportions of 
fat, then the dietary change must have involved diminution m the amount 
of dietary carbol^drate and increase in the amount of dietary fat The 
equiealone values of rural and urban diets and of Scottish famibes during 
the war reveal that the differences in proportion also involve differences - 
m the amounts of carbohydrate and of fat It thus appears that -a- 
in the diabetic death rate is associated with^a- diminution- 1ST the amount 
of dietary carbohydrate and a rise jp^fne amount of dietary fat 

In a previous paper (21) I lm^T shown that the sole dietary factor 
influencing the sugar toleranca^nd sensitivity to insulin of a healthy 
man is the absolute amounfc^jf carbohydrate in the diet Neither the 
calorj value, nor the amount of protein, nor the amount of fat are of 
account m this respect if he sugar tolerance and insulin sensitivity are 
high when large amounts? of carbohydrate are taken and low when small 
amounts are ingested funs result showed that more importance could 
be attached to variations m dietary carbohydrate than to variations in 
dietary fat and on tlie strength of this it was suggested (22) that the 
long-continued mgest/on of a diet containing a relatively low amount 
of carbohydrate might eventually result m the permanent impairment 
of sugar tolerance and insulin sensitivity and finally produce diabetes 
melhtus It has been shown that the increase in diabetic mortality in 
the last thirty years has probably been associated with a steady diminution 
m the amount of dietary carbohydrate It is, therefore, possible that 
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the causative factor m the disease, diabetes melhtus, is not the low 
proportion but the insufficient amount of carbohydrate m the diet of 
the potential diabetics m the population 

The lack of information regarding the caloric values of the diets 
of large groups of nationals renders it necessary to leave this as a 
possibility until such time as the necessary data are available Then 
it will probably be found that the caloric value of the diet has varied 
so httle that for the purpose of comparing national diets, proportion 
and amount of carbohydrate will have the same significance The 
definite suggestion is now made that the proportion of carbohydrate 
m the diet is the determining factor m the development of diabetes 
melhtus 

It is now of interest to reconcile this suggestion with the other 
factors which are thought to influence the development of diabetes 

Susceptibility and hereditary predisposition (30) undoubtedly play 
a part m the aetiology of the disease, but, m my opinion, their role is 
confined to that of diathesis The great rise m the diabetic mortality 
rates of different countries, during the last thirty years, is difficult to 
explain on the ground that a sudden widespread dissemination of 
hereditary susceptibility has occurred A more logical explanation is 
that the susceptibility to the disease is widespread and that the increasing 
pressure of some external factor, which provokes the development of 
diabetes, is disclosing the frequency of this susceptibility It ib suggested 
that this external determining factor is that of diet , the ingestion of 
a low-carbohydrate high-fat diet In any population there will be an 
unknown number of susceptible individuals and the susceptibility of 
,_theso individuals will vary considerably When the diet of the country 
* ™tams a relatively large proportion of carbohydrate it will provoke 
diabetes only '.IT fbope wj^aremost susceptible and those who are less 
susceptible will not develop tkeTa^^ase But if the diet changes so as 
to contain smaller proportions of carbohydrate, and correspondingly 
larger of fat, then the disease will be pro^pked m less susceptible subjects, 
and if the proportion of dietary carbohydrate becomes progressively 
smaller, individuals with slighter degrees of' susceptibility will respond 
by developing diabetes The incidence rate of 1 diabetes melhtus in the 
population will thus nse m proportion as this diet changes If this 
hypothesis is correct then it would be expected that the incidence of 
diabetes m different countries could be correlated with the proportion 
of carbohydrate in the national diet , that increase m the proportion 
of carbohydrate m the national diet would be associated with a fall 
in diabetic mortality , that variation m the proportion of dietary 
carbohydrate consequent upon change in environment would produce 
change in the incidence of the disease , and that variation m the 
- proportion of carbohydrate m the diet of different classes and m different 
parts of one country would be reflected in changes m the diabetes 
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incidonco rate Tlio information ]irescntcd m this paper fulfils these 
expectations 

It would thus appear that the most efficient way to reduce tho 
incidence of diabetes niellitus amongst individuals predisposed to develop 
this disease Mould bo to encourage tho consumption of a diet ncli m 
carbohydrate and to discourage them from satisfying thoir appetito with 
other types of food 


Summary 

1 Data arc presented showing the different diets eaten by different 
races, nations and social classes throughout tho world and a correlation 
has been demonstrated between dietary preference and tho incidence of 
diabetes mclbtus Tho incidence rnto of diabetes molbtus has been 
assumed to be reflected by' tho mortality rale 

2 It is shown that — 

(o) countries m which tho incidonco of diabetes mellilns is high 
are countries m winch diets containing a relatively low 
proportion of cnrbohydralo and high proportion of fat arc 
chosen , whilst those ill winch tho incidence is low Inhc 
diets with a high proportion of carbohydrate and low 
proportion of fat , 

(b) tho rise m tho mcidcnco of diabetes mcllitus which has 
occurred in tho countries of tho Western civilisations during 
tho Inst thirty years lias occurred concurrcnlh with a change 
in dietary prcfcrcnco by' which a progressi\eh grcitcr 
proportion of fat and smaller proportion of cnrboh\drnto 
has been chosen Tho proportion of protein and the calory 
\aluc of tho diet Jmo romnnicd unaltered, 

(c) tho fall m diabetes mortality thnt occurred during the World 

War is shown to be related to restriction of food supplied 
This restriction nnohcd reduction m tho proportion of fat 
and increase in tho proportion of cnrbohy drato Deduction 
in caloric intake was slight m most countries but marked m 
Germany , 

(d) tho incidence of diubolcs is luglior in mban than rural 

population Urban diets contain a smaller proportion of 
carbohy'drato and greator proportion of fat than rural , 

(c) tho mcidcnco rato of diabetes rises steadily' from tho southern 
to tho northern slates of U S A and then drops sharply' 
as tho Canadian bordor is crossed EMdcnco is brought 
forward that tho propoilion of fat m tlio diot ohanges m 
parallel with tho diabetic incidonco rnto , 
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(j) race is not a factor m the incidence rate of diabetes melhtus 
Transplanted races manifest the same incidence rate as 
prevails m the surrounding races of the new country Data 
are produced which indicate that migration brings about 
change m dietary habits so that immigrants gradually acquire 
the dietetic preferences prevalent m the new land Rise 
m the diabetic incidence rate always appears to ensue if 
the proportion of carbohydrate m the acquired diet is 
smaller and the proportion of fat is greater than in the diet 
of the native land , 

(g) with nse of economic position there is a corresponding nse 
m the diabetic incidence rate and at the same time a change 
m dietary habits so that a smaller proportion of carbohydrate 
and a greater proportion of fat are taken 

3 The available data do not suggest that excessive consumption 
of sugar and over indulgence m alcohol play a part in the setiology of 
diabetes melhtus The date with regard to the total quantity of food 
eaten show that there is no definite correlation between rise m the 
incidence of diabetes and over-eating It is suggested that prediabetic 
obesity is an effect of the type of diet eaten 

4 A close correlation exists between the incidence of diabetes 
melhtus m different races, nations and social classes and the proportionate 
composition of the diet A high proportion of carbohydrate and low 
proportion of fat is found in all cases to bo associated with low diabetic 
incidence , whilst a low proportion of carbohydrate and a high proportion 
of fat are associated with a high incidence 

6 The available information suggests that the different diets chosen 
vary little m calory value If this is oorreot then the same correlation 
wlnoh exists between the incidence of diabetes and the proportionate 
composition of the diet also holds between the incidence rate and the 
absolute amount of carbohydrate or of fat m the diet In this case it 
can be said that the incidence of diabetes is high where relatively 
low-carboliydrate diets are taken, and that the incidence is low where 
relatively lugh-oarbohydrate diets are ohosen 

6 In view of previous results which show that a low-carbohydrate 
diet results in an approximation of the metaboko findings m a healthy 
individual to those found m the diabetic, it is suggested that the ingestion 
of a relatively low-carbohydrate diet is the faotor determining the onset 
of diabetes melhtus in individuals with a predisposition to the disease, 
and that if a high-oarbohydrate diet had been taken a considerable 
proportion of these individuals would not have developed diabetes 
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CIRCULATORY CHANGES IN THE EINGERS IN SOME DISEASES 
OE THE NERVOUS SYSTEM, WITH SPECIAL REFERENCE TO 
THE DIGITAL ATROPHY OF PERIPHERAL NERVE LESIONS 


By THOMAS LEWIS and G W PICKERING * 

( From the Department of Clinical Research , University College Hospital 

Medical School ) 


The original object of our observations was to determine the mechanism 
of the vascular and nutritional changes that occur m the fingers when their 
nerve supply is divided In the course of this work it became necessary to 
become familiar with the effects of simple disuse, of lesions of the motor 
nerves, and of sympathetic lesions , for the effects of these relative^ simple 
disturbances help us to analyse the more complex effects of mixed nerve 
section Had it been possible to study also the effects of degenerative lesions 
of pure sensory nerves, the analysiB might have boon earned more securely 
to completion, but this ovidenco is vary rarely available m man except m 
the instance of the 5th cranial nerve 

We found that effects of disuse can bo identified, that different and 
recognisable vascular effects follow loss of motor, sensory, and sympathetic 
innervation, and that nutntional changes follow m different degrees upon 
these disturbances Thus, as the investigation proceeded (and included, 
not only peripheral, but somo central nervous diseases) it became more 
and more apparent that most if not nil those changes included under the 
term “ vasomotor disturbances ” are capable of simple explanation, and 
that many of the changes commonly described ns " trophic ” aro merely 
the effects of disuse, or are nutntional changes duo to altered blood supply 
Although many of the related problems still remain for solution, and our 
present conclusions sometimes lack finality, our investigation 1ms gone far 
enough to make it clear that persistent rcsoarch is all that is required quickly 
to solve the problems m question and to inako the changes m tho skin nnd 
underlying tissues in nerve lesions clearly understandable 

Throughout our work, vasoular disturbances m tho limbs havo claimed 
particular attention In studying tho state of tho circulation through tho 
limbs we have used chiefly tho skin temperature And since a mam object 
has been to ascertain any abnormalities of tho circulation m the ciroumstances 

* Work undertaken mlJi tjio Old of tjio Medical Research Counoil 
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ordinarily ruling in the patient’s life, the slnn temperatures have been 
measured after exposing the limbs symmetrically for 15 minutes or more 
in the laboratory, the patient having previously come from the ward or 
out of doors In each patient we satisfied ourselves that any differences in 
temperature observed between the tivo symmetrical limbs were usual m 
these circumstances, and that such differences were not due to previous 
unequal exposure or unequal direct heating In most of those cases showing 
unequal skin temperatures on the two sides Aie also subjected the limbs 
to more detailed tests m order to throw light on the cause of the inequality 
These tests will be described briefly when necessary 

These investigations, requiring numerous repetitions of simple and 
special observations on each case, have been earned out upon many cases 
belonging to a number of categoncs of disease To include a full descnption 
of individual cases studied, or of observations made, would make this paper 
too long , we therefore confine ourselves to illustration and to general 
statements 

The effects of simple disuse 

Long continued immobility The effects of long continued immobility 
without change m the nervous system, are illustrated by the three following 
cases 

Case 1 J M , a man of 40 years, had crushed his left 3rd and 4th 
fingers , the wounds become septic and healed slowly in a month For 
three months the movements of the hand and particularly of the two named 
fingers had been very limited The affected fingers showed the scars of 
injury, were a little deeper and bluer in colour and showed fewer and 
shallower transverse furrows and small wrinkles than did the other fingers , 
otherwise the skin and nails appeared similar in the tw o hands There w r as 
no atrophy The 3rd and 4tli fingers and to a less extent the other fingers 
of the left hand were usually colder than those of the right , but in a warm 
room all the fingers would warm to the same high point 

Case 2 P T , a man of 38 years, had been hit by a bullet 12 years 
previously, an injury which w r as accompanied by damage to the tendons 
on the dorsum of the left hand, and was followed by necrosis of metacarpals 
and fixation of joints Dunng the 12 years there had been httle or no move- 
ment of any finger, except a httle flexion of the terminal joints, and the hand 
Avas m consequence httle used The 2nd to 5th fingers Avorc a httle narrower 
throughout their length on the left hand, the pad of the 2nd left finger w as 
definitely atrophic (Fig 12), but the pads of the remamdei aa ore normal 
There was less furrowing of the dorsal surface of the left as compared until 
the nght fingers, as is usual in disuse , consequently the skin of the left 
was smoother than that of the nght fingers The nail of the 2nd left finger 
was a httle narrowed and increased in convexity , the others Avere qinte 
normal The texture of the skm Avas httle changed Although often colder 
than the nght when exposed in winter time, the left hand Avarmed quicklj 
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m warm rooms and there was ordinarily little difference m the temperature 
of the two hands 

Case 3 T , a pathologist, had acquired an infection of the palm of 
the nght hand and base of the index finger 5 years previously , the tendons 
of the finger became involved and the interphalangeal joints quite fixed 
in a semiflexed position The nerves of the finger were undamaged The 
finger was little used except for writing The subject found this finger 
constantly colder than the others on cold days , and he had noticed indolent 
healing of small lesions of the corresponding knuohle The soft tissues of 
the finger were atropluc m its whole length, atrophy of the pad being 
pronounced and the nail increased m convexity The skin of the dorsal 
surface was less wrinkled, and therefore a little more shiny, smoother, and 
seemingly thinner and less mobile, than that of the other fingers 

These cases are described to skov lion simple disuse of one or more 
fingers leads to definite changes in them Immobility leads to lowered 
temperature with wlucli is associated increased vascular colouration of the 
skin , it leads also to loss of furrowing and gives to the skin a smoother 
surface, a change which, as the first case shows, becomes evident within a 
few months But the more profound changes, which develop only after long 
disuse, are atrophy of the soft tissues and particularly of the pulp of the 
fingers, accompanied by narrowing and increased curvature of the nails 
Occasionally, ns in the third case, indolent heahng following injury occurs 
It has long been recognised that similar changes occur m the extremities m 
diseases of the central and peripheral nen ous system and examples will be 
described m the course of this paper Occurring as a consequence of a 
nervous lesion these changes have been attributed to the disturbance of some 
trophic function oxeroised directly through the nerves , m tho cases just 
descnbed the nervous system uas intact and the changes m tho digits must 
be attributed directly or indirectly to disuse The following cases illustrate 
the effects of disuse consequent on a functional or organic lesion of the 
central nervous system 

Hysterical monoplegia W H , a man of 39 years, had suffered from 
complete hysterical paralysis of Ins nght elbov, urist, and fingers of 23 
months’ duration , for tho first 15 months the arm was splinted, for the last 
8 months treated by mnssago and olectncal stimulation Tho right arm 
was completely insensitive bolov a transverse line about 3 inches above the 
elbow In tho very last feu days ho had begun to shou recovery of voluntary 
movement, feeble adduction of the right thumb bomg possible 

The nght hand was fiaocid, its fingers being a little ovor-extended , 
the fingers could bo flexed passively by no more than 45° at any joint 
Tho nght index finger and thumb showed slight but distinct tapenng and 
the other fingers of tho nght wore just discermbly smaller than those of the 
left hand Tho nails of tho first and second fingers wore distinctly, and the 
rest very slightly, narrowed An increase m lateral curvature of the nails 
was definite m all, but especially in tho first two nails, which also showed 
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distinct longitudinal overcurvature The pads of the right fingers were 
normal m general outline, but very soft, and furrowed longitudinally, an 
appearance suggesting atrophy of subcutaneous tissue without corresponding 
tightening up of the slon The skin over the fingers was everywhere at 
least normally mobile and easily thrown into folds But apart from the 
pads of the fingers, the natural folds and ridges of the skm were much 
diminished on the right side , thus the ndges and furrows on the extensor 
surfaces of the joints were almost lost and the minute natural ndges of the 
palmar surface reduced , the skin appeared smoother than normal The 
hairs were long on the paralysed hand, but broken off short on the normal 
hand 

The affected hand was conspicuously paler than the normal one, the 
pallor bemg chiefly due to emptiness of the minute blood vessels, but m 
part to deficient pigmentation of the skm , the palmar surface showed 
unusual mottling of pink and wlute areas During several weeks’ stay m 
hospital the hands had often been noted to be equal in temperature, but 
from time to time the affected hand was the cooler , when the patient walked 
out on cool days, both hands bemg allowed to swing by hiB sides, the paralysed 
hand and arm was observed soon to become definitely colder than the 
unparalysed one, a fact of which the patient lumself w as fully aware 

The effects of disuse resulting from hysterical paralysis which this case 
illustrates have been fully described by Hurst (10) who has shown that if 
the paralysis is cured by psychotherapy, the nutritional changes in the 
digits quickly disappear, convincing evidence that the changes result from 
disuse 

Hemiplegia The effects of disuse resultmg from a cerebral lesion are 
illustrated by the following case 

Mrs E B , aged 55 years, suffering from mitral stenosis and auricular 
fibrillation, was examined 3 months after the sudden onset of paralysis of 
the left side of the face, the left arm, and leg The left upper extremity was 
spastic and partially flexed at elbow, wrist, and fingers, slight flexion of the 
elbow and fingers bemg the only voluntary movements The muscles of 
the left forearm and hand were slightly smaller than the right , sensation 
was normal The left hand was a httle swollen, and the skm slimy, with 
loss of its wrinkles There was no atrophy of the fingers The left forearm 
and hand were a httle deeper m colour than the right The affected hand 
was usually warm and on several occasions was found to be warmer than 
its fellow when both were at rest and exposed equally in cool atmospheres , 
when the body temperature was raised the fingers of both hands warmed to 
temperatures similar to thoBe shown by normal fingers m such circumstances 
Six months after the onset, the paralysis and posture of the arm were un- 
changed The skm over the backs of the left digits, and to a less extent the 
back of the left hand, was smooth from loss of wrinkles both over and between 
the joints The pulp of the fingers was shghtly atrophied and softer on the 
left side, and the nail of the index finger increased in lateral and longitudinal 
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curvature Nail growth was slightly slower on the affected as compared 
with the unaffected side When exposed equally the hands were usually 
equally warm, though occasionally the affeoted hand was the cooler 
Eighteen months after the onset, the condition was unchanged 

The most remarkable feature of this patient was the greater warmth 
of the affected limb at the 3rd month, m spite of its complete disuse It 
should be said that this patient was m bed when these observations were 
made , the comparison was therefore between a spastic completely disused 
limb, and a normal but little used limb Our experience is too limited for us to 
state whether the tendency for the paralysed limb to be the warmer in the 
early stages of hemiplegia is or is not the rule In two patients who were 
seen three years after the onset of a complete spastic paralysis of one upper 
and partial paralysis of the corresponding lower limb resulting from a cerebral 
vascular lesion, the paralysed limb was ordinarily cooler than the normal 
limb , both these patients presented atrophic changes in the digits similar 
to those in the patient more fully described , in one in whom the test was 
made a normal vasodilator response to warming the body was shown by the 
paralysed fingers Both these patients were u alking about and the 
comparison was between a completely disused spastic limb, and a fully used 
normal limb 


Effects of motor nerve lesions 

Progressive muscular atrophy Two men, aged 39 and 48, suffering 
from progressive muscular atrophy, of 16 and 2 months duration respectively, 
were investigated In eaoh case the atrophy was advanced m one upper 
limb, affecting particularly the small muscles of the hand and to a less extent 
the muscles of the forearm, ulnlo the other upper limb was little changed 
Opportunities were thus provided for comparing normal and abnormal hand 
Neither of these patients omitted to use the affected hand , both were 
receiving treatment by massage wlule under observation In neither were 
there any differences between normal and abnormal hand m the texture 
of the skin or nails, or in the rate of growth of the latter in the first case, 
in which it was measured , the fingers showed no atrophy There was, 
however, m both cases a definite tendonoy for the affected hand to be cooler 
than its fellow Thus when the hands were exposed m cool rooms (15° to 
17 °C ) it was the rule for the skin temperature of the fingers and hand to be 
several or many degrees Iosb on the affected than on the unaffected side , 
prolonged voluntary movements of the fingers of both hands had httle 
effect m equalising temperature In colder rooms the hands would 
become equally cold If both hands were immersed in water at 38° for 
10 or 15 minutes and then laid at rest m a room at 15° to 17°, a difference 
m temperature soon became established between them, the affected one 
becoming distinctly the cooler (Fig 1 ) Although the hands usually presented 
the difference of temperature desonbed, directly warming the trunk caused 
the temperature of the two hands to rise to the same high level on both 
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sides (Fig 2) The rise of tempeiature in the affected hand was delayed, 
though the difference m the time of warming was no greater than that 
found between two normal hands m which a similar difference of temperature 



Fig 1 K , nged 30, suffering from progressive muscular atrophj affecting the nght hand 
almost exclusively The observation was mado 0 montlis after tho onset of the disease 
Both hands were immersed in a bath at 38“ for 15 mm , taken out, and dried The charted 
temperatures wore taken from tho left (L2) and right index (R2) fingers bj means of 
thermoolcctno junctions fixed just proximal to tho nailB It T «= room temperature, taken 
by a junction m tho nir near tho hands The chart illustrates tho quicker cooling of the 
fingers of tho right hand 



Fig 2 8 , a man of 48 years, had suffered from progressiv o muscular atrophy, affecting the nght 

hand especially, for 2 months The charted temperatures lllustrato the behaviour of the 
fingers in a cold room The fingers of both hands were at first cold At tho arrow, while 
the hands still rested on a table, tlie trunk was enclosed in a chamber, the temperature of 
which was raised gradually to 47°C General vasodilatation occurred, which involved 
both hands, the nght one after a few minutes delay Temperature from the two index 
fingers, just proximal to thoir nails, and from tho air near the hands (B. T ) 

has been established by preliminary soaking m baths at different temperatures 
(16) Numerous observations with Stewart’s calorimeters (standing at 
about 32 °C ) showed the heat elimination by the affected hand to be much 
reduced m cool rooms (17 °0 ), but in warmer rooms (21 °C ) the first patient 
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continued to show the difference while the second presented none Colour 
differences noted in the two hands were inconspicuous and not more than 
those seen in normal subjects whose hands are made by immersion unequal 
in temperature to a similar degree 

Anterior poliomyelitis Two girls of 21 and 8 years had suffered for 
10 and 6 years from the effects of anterior poliomyelitis, which had led in 
both cases to severe atrophy of the muscles of the left lower limb and 
particularly of those below the knee Both patients suffered in the winter 
time from chilblains confined m the one and almost confined in the other 
to the paralysed foot , these would start as itchmg red swellings, which would 
often break down and continue as mdolent ulcers while the cold weather 
lasted The state of these limbs, subject to long contmued disuse during 



Fig 3 R S , a girl aged 8 suffering from anterior poliomyelitis of tho left leg of 20 montlis 
duration The chart is of the tomporuture of tho first toes of the right and loft foot and of tho 
air near these toes Aftor exposure in the cool room tho foot vrcro almost cquallt cold 
At the arrow, tho loft arm was immersod in water kopt at 43 6° for tho period covered bj tho 
rest of tho chart General \oso dilatation followed, in which both feot wore m\ olved Tlio 
response of the loft foot lagged bolund that of tho right 

the growing period, was carefully investigated and may be described briefly 
In both patients, and particularly in the younger, the whole limb and foot 
was shortened, the toes were smaller and their bones less dense to X-ray 
penetration on the affected side In both the colour from the knee down 
was deeper and ordinarily more cyanotic m the affected than m the normal 
limb , the discoloration of the foot v as conspicuous In addition to the 
general discoloration there were patches of deeper colour on the foot of 
both patients , these patches wore left by the healing chilblains or ulcers 
In the older patient, whoso affected foot was often perceptibly swollen after 
it had been hanging down, the little transverse wrinkles of the skm were 
less in evidence, and the skin as a consequence was a little smoother than 
that of the affected foot Otherwise the texture of the skm of the foot 
over the greater part of its extent was very little changed in either patient 
In the younger patient the affected leg tv as less hairy than its fellow In 
both patients and in warm rooms the affected was nearly always colder than 
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the unaffected limb, especially at its extremity where the difference of 
temperature amounted to several degrees Warming the body by immersing 
one or both arms in hot water caused the temperature of the toes to rise 
to the same high level on the two sides (Fig 3) When fully warmed by this 
means the pulsations of the arteries of the feet were palpable and equal on 
the two sides m both patients, and the slnn of the toes exhibited very distinct 
capillary pulsation Thus the vessels of the feet were shown to be normal 
and capable of good expansion 

These patients with anterior poliomyelitis are peculiar, amongst the 
material we have examined, in showing a considerably diminished size as 
well as a diminished density of the bones of the paralysed hmb, a feature 
no doubt to be associated with the occurrence of paralysis during the growing 
period The extent to winch the deficient bone growth is to be attributed 
to the muscular paralysis and wasting or to the associated decline of bloodflow 
may become evident when the ultimate effects of early sympathectomy have 
been carefully investigated 

The mechanism of vascular and digital changes in disuse 

The vascular disturbance has been found to be of the same kind m all 
these coses of chrome immobility of a limb whether tins results from muscular 
paralysis or from fixation of joints or tendons In ordinary circumstances 
the bloodflow to the affected hmb is reduced, as displayed by relative coldness 
of the skin, or by this and by the reduction of its heat elimination, as shown 
when the limbs are immersed in calorimeters If, however, the body of Buch 
a patient is warmed, the vessels of the affected hmb dilate fully and the 
skin of the hmb attains a temperature as high as that on the normal side 
The reduction in bloodflow is thus discontinuous, for it disappears when 
vasomotor tone is relaxed It is evident that, since m these patients the 
vessels are capable of good expansion, the reduction in bloodflow to the 
paralysed limb is not due to obliterative vascular disease but to increased 
artenolar tone The integrity of the vasomotor nerves to the limbs in these 
cases is demonstrated by the normal vasodilator responses to raising body 
temperature, the difference m the times of onset of the responses in disused 
and normal hmb being no greater than may be seen in symmetrical normal 
limbs previously rendered unequal m temperature to a similar degree by 
immersion in baths at suitable temperatures 

This reduced bloodflow does not require prolonged disuse for its 
development , the change follows almost immediately the hand ceases to be 
used as can readily be observed in healthy people If a normal subject 
moves m a room at about 16°, one hand being used for work such as note 
taking, moving books and so forth, the other hand being kept still and banging 
by the side, the unused hand becomes definitely cooler (for example 3° or 
4°C ) than its fellow in about half an hour It seems unlikely that the 
greater warmth of the used limb can be accounted for by the facilitation 
of venous return by the working muscles, though this may contribute If 
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a hand is placed palm downwards on a table and voluntary movements of 
the hypothenar muscles are maintained continuously, the ulnar side of the 
hand becomes hotter relative to the radial by as much as 2° to 3°0 wit hin 
10 minutes (at room temperature of 16° to 18 °C), this increase m the 
temperature of the ulnar side of the hand may be accompanied by a distinct 
though less conspicuous warming of the 5th as compared with the 2nd 
finger, presumably because the corresponding digital vessels are dilated 
in the early part of their courses by the greater temperature of that part 
of the hand through which they pass It is suggested that the increased 
bloodflow through the skin of an active limb is largely due to the direct 
dilator action of the raised temperature of the active muscles on the neigh- 
bouring vessels, but we are doubtful if this explanation accounts for all the 
phenomena observed In this connection it is of interest to note that the 
hemiplegic patient was exceptional m that the paralysed hand was ordinarily 
warmer than the resting normal hand in the early stages of the disorder , 
it may be suggested that this exceptional state was due to the increased 
tone and resultant increased bloodflow through the muscles of the spastic 
limb Again, it has been shown by calorimetry and curves of cooling that 
when patients with progressive muscular atrophy are exposed to cool 
atmospheres, the bloodflow through the fingers and hand on the affeoted 
side is less than on the normal side, although both hands are at rest This 
difference, which disappears when vasomotor tone is relaxed, is probably a 
consequence of a diminished bloodflow through the atrophied muscles 

Our observations leave little doubt that the bloodflow through the slnn 
of the limb depends much on the state of its muscles, but whether these 
variations m cutaneous bloodflow are determined entirely by temperature 
ohanges arising directly out of muscular activity, or whether there is some 
additional mechanism for increasing the blood supply to the limb as a whole, 
remains undecided 

It has been seen that two possible causative factors are common to 
the various types of case presenting atrophio changes in the digits and 
already desonbed, namely, disuse itself and a reduction m bloodflow , in all 
these types the reduction in bloodflow is discontinuous, the vessels opening 
fully when the body is sufficiently warm In most of the cases disuse and 
reduced bloodflow are so closely associated that it is impossible to say wluoh 
is the more responsible for the atropine changes In two cases a judgment 
can be given Thus m the patient with progressive muscular atrophy, 
observed till the 16th month of the disease, there were no ohanges in the 
skm or nails of the affected hand, which was used by the patient for all his 
ordinary light occupations suoh as eating, dressing, and smoking , neverthe- 
less the reduction m bloodflow to the affeoted hand was conspicuous from the 
4th month onwards In the patient with hemiplegia the fingers showed 
distinct atrophio changes by the 6th month, and the affeoted limb was 
completely disused but failed to show any definite reduction in its bloodflow 
The first of these two cases shows that m the absence of disuse, a reduction 
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in bloodflow' of the intermittent kind here described may be unaccompanied 
by atrophic changes The second case shows that complete disuse even 
without an associated decline m bloodflow may lead to atrophy of the soft 
tissues and particularly of the pulp of the fingers with increased lateral and 
longitudinal curvature of the nails In cases of the types already described 
it thus seems probable that disuse itself is the more important factor in 
producing atrophic changes, but it is to be emphasised that m them the 
reduction m bloodflow is discontinuous and often inconsiderable It will 
be shown later m this paper that a reduction m bloodflow that is both 
persistent and considerable may lead to atrophic changes even in the absence 
of disuse 


Effects of loss of sympathetic supply 

The following account of the effects of sympathectomy is based on a 
study of patients from whom cervical or lumbar ganglia have been removed 
and m whom the corresponding bmbs were free or relatively free from 
vascular disease Some of these studies have been already published (14) 

The temperature of a limb w lthm a few hours of dividing its sympathetic 
nerve supply is that of its fellow in full vasodilatation A state of full 
vasodilatation after sympathectomy is, however, onty temporary, after 
several days have passed the temperature of the sympatliectomised limb 
is a few degrees less than that of its fellow’ from which vasomotor tone has 
been released by warming the body Thus it is not stuctly true to say that 
a sympatliectomised limb is hotter than a normal limb , it is only when 
vasomotor tone is such that the vessels of a normal limb tend to close down 
under its influence, as w hen the body is cool or w arm but not hot, that the 
sympatliectomised limb is the hotter The vessels on the affected side 
respond little if at all to changes m body temperature, and thus the affected 
limb maintains a very uniform temperature, above and below which the 
temperature of the normal limb swings in response to changes of vasomotor 
tone (see Fig 4) The stability of tone in the vessels m the sympathecto- 
mised limb is conspicuous, and the tone is itself appreciable or considerable 

The return of vascular tone aftei sympathectomy is known to affect 
the minute vessels, giving rise to pallor, and probably to affeot also the 
arterioles, which w ould more importantly reduce blood supply The nature 
of the factor increasing tone remains obscure and has been fully discussed 
elsewhere (14) and recently by Grant (4) , it is suflicient to remark here that 
in man the vessels of the sympatliectomised limb respond more vigorously 
to constrictor agents such as adrenaline (2, 4) and to dilator agents such as 
histamine (14) 

In a number of sympatliectomised cases, of recent and old standing, 
search has been made for changes m the skin other than vascular The 
skin is dry owing to the usual absence of sweating and m one case a little 
fine flaking of the skin could be attributed to this cause Otherwise, no 
change m texture has been noticed , the nails remain w r ell foimed and m the 
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one case in which rate of growth was measured it remained the same as on 
the normal side 

Effects of motor and sympathetic nerve lesions combined 

In the two cases already described of paralysis of the left leg due to 
anterior poliomyelitis, a left lumbar sympathectomy was eventually 
performed This operation was done m each case with the idea of improving 



Fig 4 CJL, aged 21 anterior poliomyelitis of left leg of II years duration Left abdominal 
sympathectomy on Apnl the 7th The chart is from an observation on April the 25tli 
In a room at 10° the right toes were 11° colder than the left toes At the arrow, both arms 
were placed in water at 43° until the end of the observation The right foot, but not the 
left responded m the general vasodilatation 


the condition of the ulcerated skin The effects were the same in the two 
patients The bloodflow to the limb greatly improved , whereas the foot 
before operation was colder, it now became m ordinary circumstances 
warmer than its fellow and this state persisted for months of observation 
The depth of s kin colour decreased, cyanosis was abolished, and the indolent 
ulcers healed The healing of ulcers and protection against further ulceration 
is now a recognised result of this treatment of such cases, (see Gask and 
Boss (3)) 

The cases of combmed motor and sympathetic lesions here briefly 
described become important ulien compared with cases of transection of 
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mixed peripheral nerves , in these a lesion of sensory nerve fibres is added 
and the effects of this addition are displayed. . 

Effects of mixed peripheral nerve section 
The following account of the results of peripheral nerve section is 
based on a study of four cases of complete section of the median nerve. 




6 L.B , severed bis ngbt ulnar nerve on July the 14th, 1931 The figure 
of (solid line) and analgesia (broken line) on August the 13 th, and 

the relative coldness of the right ulnar region when compared with the rest of the nan 
The temperature value is either written directly over tho point tested, or the position 
latter is indicated bv a pointing line The temperatures of the left band were 
simultane ously as a control Tho patient was resting with the hands on a oowt taw , 
temperature of the air near the bands was 204° 


and one of degeneration of the median nerve following its injury ft 
fracture of the humerus involving the elbow joint , of five cases oi b 
of the winw nerve of which three were proximal to the elbow, and ol on 
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of injury to the ulnar nerve in a fracture involving the elbow joint Cases 
of seotion of the ulnar nerve distal to its dorsal branch have been excluded, 
because denervation of the affected fingers is incomplete The earliest 
case seen was two days after section, the latest 14 years In many instances 
of nerve seotion, other important structures such as tendons and arteneB 



Fig 6 JTV, aged 31, severed his left median nerve on April the 17th, 1029 The figure shows 
the area of complete aneesthesia and analgesia (solid line) and incomplete loss of sensation 
(broken line) on October the 25th, 1930, and illustrates what was a usual and persistent 
difference of temperature between the left median and ulnar areas Readings from the 
dorsal surfaces of the hands and from their palmar surfaces were not taken at the same time, 
and consequently are not strictly comparable The patient was at rest m a room at 17 5° 

may be injured , in many a contraoture of the fingers develops with fixation 
at the joints The digital and vascular changes which we shall describe 
occur in patients in whom the nerve is the only important structure injured 
and in whom the joints of the affeoted fingers can be freely moved passively 
Decreased bloodflow Seotion of a mixed nerve trunk supplying the 
fingers leads ultimately to diminished bloodflow to the corresponding area 
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as is shown by coldness of the skin The coldness is persistent Naturally 
there are periods when the hands and body are chilled and when the 
temperature of the extremities falls to that of the atmosphere , there are 
other periods, for instance while the subject is m bed, when the hands are 
directly unarmed , in these circumstances the temperatures on normal 
and abnormal side may differ little But apart from these unusual circum- 
stances the anaesthetic skin is persistently colder and often much colder than 
the normal skin If the hands are thoroughly -warmed by immersing them m 
a bath at 35° for 15 minutes and then exposed in a cool room (16° to 18°C ), 
the temperature of the anaesthetic fingers falls more rapidly than does that 
of the unaffected fingers and a considerable difference of temperature soon 
becomes manifest An illustration showing the close correspondence 
between the area of anaesthesia and that of coldness in our patient KR, 
8 months after section of the ulnar nerve, has been given in an earlier paper 



Fig 7 WL,a man of 10 years, Iiad so\ ered Jus loft median nerve at the wnst on April the 2nd, 
1031 It had been re sutured A chart of tho temperature of the 2nd and 6th fingers of the 
affected hand on July tho 7th, 1931 At tho arrow the trunk was enclosed in a chamber the 
temperature of which was gradually raised from 36° to 03® In tho general vasodilatation, 
which soon followed, tho temperature of tho unaffected finger (L5) rose fully, while the 
anesthetic finger (L2) remained at that of tho surrounding air At the time, atmpbio 
changes m fingers L 1 and 2 were alreadi distinct , tho bones were just beginning to show 
rare action Tho 2nd left finger showed no flam to lustamuio, nor nso of temperature during 
exposure to ice cold water 


(12) , a similar illustration is shown in Fig 5 from L B 2 months after ulnar 
nerve section Fig 6 shows the areas of anaesthesia and coldness in JW 
14 years after section of the median nerve It will he seen from these illus- 
trations that not only is anaesthetic skin colder than sensitive skin, but that 
the sensitive skin on the side of injury tends to be a kttle cooler than the 
corresponding skin on the other side This may he attributed partly to 
relative disuse of the hand as a w'hole , possibly it is partly due to loss of 
heat to the adjoining cold and anaesthetic parts and to the cooling effec 
of blood returning through the veins of anaesthetic fingers to the palm, 
there to diminish the flow through the palmar arteries To the temperature 
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of the returning venous blood may also be attributed the occasional extension 
of the area of relative coldness of the ulnar side of the limb well beyond the 
upper margin of ulnar anaesthesia, as is shown for example by the value 
(26 3°) of the proximal dorsal reading m Fig 5 

When the body of a patient, who has a long standing mixed nerve lesion, 
is heated up in a warm chamber, the arms remaining exposed to the 
atmosphere of the cool room, the temperature of the fingers that have lost 
their nerve supply does not nse with that of the unaffected fingers, but 
remains unchanged (Fig 7) In this respect the cases differ sharply from 
those in which the motor nerves are alone degenerate, and resemble those 
m which sympathectomy has been done As in simple sympathetic 



Fig 8 LB, severed Jua right ulnar ner\ e on July the 14th, 1031 By the 29th of July the 
right ulnar area showed persistent coldness, and the histamine flare and ice reaction could not 
be elicited when tested m the 6th finger On thiB day the patient was given 1 c c of hiBtanune 
acid phosphate subcutaneously , m the resultant flush, the right but not the left little 
finger showed a nse of temperature with palpable pulsation of its digital vessels 

The present chart illustrates a repetition of this observation on January the 20th, 1032 
The hands of the patient were soaked for 17 min m water at 36®, were dned, and exposed 
While their temperature was falling the histamine was given The face flushed freelv, 
the ulnar area of the nght hand became bright red in colour The left hand altered httle 
m colour and its temperature showed no response The chart shows the response of the ngbt 
littlo finger (R5) while the temperature of the nght index finger (R2) and of the left little 
finger (L6) continued to fall 

degeneration, a subcutaneous injection of lustamme has been found to raise 
the temperature of the affected finger especially (Fig 8) But although 
there is this common laok of response to central heating and a similar 
reaction to histamine in the two types of case, one of which has lost all 
nerve supply and the other sympathetic fibres only, these two types contrast 
m that while loss of sympathetic supply causes the corresponding fingers 
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to be in general warmer than they otherwise would be, loss of all nerve supply 
causes the corresponding fingers to be in general colder than they otherwise 
would be And, since with combined loss of both motor and sympathetic 
supply the digits remain warm,* it seems that sensory nerve loss must be 
an important factor m determining the persistent coldness in cases of mirH 
nerve lesion This idea, first expressed m an earlier paper (12), has received 
recent support from the experiments of Zuckerman and R.uch (19) 
who found that in the monkey a completely denervated hind limb 
was persistently colder than a hind limb innervated only by the posterior 
root system Loss of the posterior root system might lead to vasoconstriction 
in the corresponding temtory either by cutting off vasodilator impulses 
normally travelling from the cord along these fibres, or by loss of an axon 
reflex normally active m maintaining blood flow through the Bkm If 
loss of the sensory axon reflex is a cluef factor m its production, then coldness 
of the anaesthetic skin should be first evident at or about the time when the 
sensory fibres degenerate 

The tune at which the fingers become cold after mixed nerve lesions The 
first observations upon temperature changes m the finger following complete 
loss of nerve supply were made on K R (12, page 188) This was a case of 
transection of the right ulnar nerve at the elbow in a girl of 14 years When 
examined both on the 2nd and 3rd days after injury the 6th was palpably 
the hottest finger on the right hand, an observation confirmed by thermo- 
electric measurement But 21 days after injury it had become the coolest 
of the fingers and it remained so for long afterwards In this patient it was 
also noticed that the reaction of the finger by vasodilatation, subsequent to 
and in response to immersion in very cold water, was present on the 3rd day 
but absent from the 21st day onwards , the flare reaction to histamine 
introduced into the skin behaved similarly The warmth of the finger on 
the days immediately following nerve section was attributed to loss of 
sympathetic nerve supply , the later development of coldness was thought 
to be connected with degeneration of the sensory cutaneous nerves and loss 
of the corresponding axon reflex It wms pointed out that since this axon 
reflex gives vasodilatation m response to considerable cooling, it tends to 
protect the skin of the fingers from excessive cold and, for this and perhaps 
othei reasons, very probably keeps the temperature of exposed parts above 
that which w r ould otherwise prevail Patients subsequently studied have 
afforded confirmatory evidence of the time at w'hich the hot finger becomes 
cold Thus in a patient (L G ) the ulnar nerve w as severely damaged 
during the manipulation of a rigid elbow Anaesthesia and analgesia were 
complete in the corresponding area of skin and the corresponding muscles 

* This statement is based on the effects of sympathectomy m our two coses of aatenor 
poliomyelitis Although wo cannot say that xn either case there was a completo lesion of 
motor nerves jet the evtent of the lesion was much greater than after section of a single mixea 
nerve In both patients the motor nerve lesion had abolished movements of tho toes ana 
rendered thoso of tho ankle very feeble , it had led to gross muscular wasting below the Knee 
and to a pronounced coldness of tho affected limb 
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were fully paralysed The ulnar area was found hotter than the rest of this 
hand 7, 8, 9 and 11 days after injury Eight days after injury, the reactions 
to histamine and to ice were tested and found intact On the 13th day the 
patient thought the 5th finger had cooled , on the 14th day it was definitely 
ascertained to be cooler than the rest of the fin g ers of the hand, and it 
remained so for the rest of observation (up to the 59th day) On the 14th 
day the histamine flare was tested and found to he still present but decidedly 
reduced m extent On the 15th day a httle recovery of anaesthesia and of 
musoular power was noted, and this progressed , about the 24th day the 
condition became stationary, there bemg still much loss of sensation over 
the whole area, and weakness persisting m the adductor polkois, the 
interossei, and hypothenar musoles The flare to histamine never disappeared 
in this patient though it became greatly diminished The reaotion to ice 
on the 22nd day was present but reduced (3° nse as compared with 8° nse on 
the 8th day) Thus, the onset of coldness m these fingers comoided closely 
with the reduction of the axon reflex between the 11th and 14th days, the 
reduction bemg due presumably to degeneration of most but not all the 
fibres of the damaged ulnar nerve A patient, L B , severed his ulnar nerve 
at the elbow by falling on a bottle , the ends of the nerve were found and 
sutured together His fingers were thoroughly and frequently tested 
His histamine flare was lost over the anaesthetic area on the 8th day, the 
reaction by vasodilatation m his 6th finger m response to cooling was reduced 
on the 9th day and almost lost by the 13th day The finger was at first 
hotter than the others , on the 11th day it was first noticed to be definitely 
colder than the others, and it remained so subsequently 

These observations show that the onset of coldness m a finger deprived 
of all its nerve supply comes at or about the time when the nerves to the 
fin g ers degenerate We believe the development of coldness of the finger 
to be associated with this nerve degeneration and probably with loss of 
the sensory axon reflex That it is unconnected with sympathetic degenera- 
tion is apparent from the behaviour of the fingers in cases of sympathetic 
ganghonectomy , for m these coldness of the fingers does not develop 
The precise mechanism by which the vessels locally assume their greatly 
increased tone after mixed nerve degeneration is perhaps stall not entirely clear 
A case that has received close consideration is the following A boy (F S ), 
injured his median nerve Six weeks later, the paralysis bemg stall complete, 
the affected fingers were cold and exhibited neither flare nor reaction to 
severe cold [see Fig 10 of an earlier paper (12)) These observations are in 
full accord with those already given The boy was kept under observation 
for a long tame to ascertain the order of events during the stage of recovery 
Recovery began about 10 months after injury, sensation and movement 
bemg normal at 13 months Simultaneously the histamine flare returned 
m full force , and vasodilatation of usual degree m response to immersion 
in ice cold water could be obtamed m the fingers of both hands At the 
1 6th month, the reaction of the fingers was tested to water at 7°C , a tempera- 
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ture which gives a weaker reaction than does 0°, thus forming a more sensitive 
test , the reaction was a conspicuous one and equal on injured and u nin jured 
sides There was, however, a distinct delay in the recovery of natural 
warmth by the originally affected fingers , these fingers, namely, 1, 2 and 3, 
remained colder than any other fingers of either hand at this time 
Relative coldness of these fingers persisted for at least 2 months after 
full recovery of sensation and of sensory nerve reflexes The coldness, 
however, was inconstant m its later stages, the hands warming up 
to equal high temperatures when the boy’s body was warmed, and the 
hands becoming equally moist with sweat , before long the fingers became 
normally w'arm in all circumstances The discrepancy in the times of recovery 

may prove unimportant, but it remains at present unexplained The 
questions of muscular atrophy and disuse w ere fully considered at the time, 
and we were assured that the fingers of both hands were being used equally, 
the boy engaging m many active games in which the hands were employed , 
there was still, however, slight wasting of the thenar eminence on the injured 
side The condition of the vessels was also examined to try to ascertain if 
during the long period of increased vascular tone any structural disease had 
occurred in the vessels of the cold fingers The pulsation of the vessels of 
the mjured and control fingers wdien heated to 45° was found equal both by 
palpation and also by measurement with the optical capsule (see next page) 
A very similar series of events w as observed m the recovery of the ulnar nerve 
lesion of K R In this girl both the reaction to histamine and to ice returned 
in 13 months The 6th finger, though warming m response to warming of 
the body, was colder than the rest from time to time for over 2 years , in 
this patient, however, recovery of sensation was never complete 

Some doubt that a full explanation has been obtained of the cold fingers 
in mixed nerve lesions has arisen out of Grant nnd Bland’s recent investiga- 
tions of the rabbit’s ear (6), m which vasodilatation in response to cold 
appears to be to a large extent mdependent of an axon reflex It is to be 
stated, however, that denervation does not give nse to subsequent coldness 
of the rabbit’s ear as it does in human fingers The evidence for the original 
conclusion that in man sensory nerve degeneration abolishes the local vascular 
response to cooling has been revised closely, by repeating the observations 
on fresh cases Fresh observations have been made in wducli the responses 
of the normal and denervated fingers have been compared after first bringing 
the fingers to equal and normal temperatures, and while the body of the 
subject has been warmed The reactions have also been compared while 
the subject has been flushed by subcutaneous injection of histamine These 
tests were made to see if the loss of reaction to severe cold is a matter merely 
of original coldness of the finger with high tone m its vessels But m none 
of them has the denervated shown any significant reaction (greater than 
1°0 ) , therefore, we still attnbute the normal reaction to a sensory 
axon reflex in man Resolution of the seeming inconsistency between 
obseivation on man and rabbit and of the minor discrepancy connected 
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with the times of recovery of warmth and axon reflex remains for future 
investigation 

The evidence at our disposal indicates that the persistently diminished 
bloodflow through the affected fingers after mixed nerve seotion is the result 
of the following three separate faotors, which increase the tone of the artenes 
and artenoles and which are cumulative m their action — 

(а) The chief cause of the lowered skm temperature after mixed nerve 
lesions is loss of the fibres belonging to the posterior root system While it 
is probable that this loss is effeoted chiefly through the disappearance of 
the sensory axon reflex, we are unable to exclude the possibility that loss of 
vasodilator impulses passing from the cord by posterior root fibres may also 
play a part 

(б) Loss of sympathetic supply is followed by a compensatory change, 
which increases vascular tone 

(c) Loss of the motor nerve supply leads to inactivity of the corresponding 
muscles which tends to lower skm bloodflow, probably owing to relative 
cooling of the affected muscles 

Thus the mechanism of vascular changes m mixed nerve lesions is 
complex In long standing oases there is further to be added the possibility 
of structural disease m the vessels, which will now be briefly considered 

Arterial disease To test the state of the artenes m the affeoted fingers, 
the freedom of their pulsation has been measured by using a capsule and 
optical recorder descnbed m a previous paper (11), the amphtude of pulsation 
being used to indicate the degree to which the vessels will dilate under local 
heating Both hands are deeply immersed in water successively at 30°, 
36°, 40° and 46° for several minutes before and during each test, the 
immersion at 46° soon producing a generalised cutaneous vasodilatation 
through the vasomotor nerves m addition to the local dilatation from direct 
heating A comparison has been made between a denervated and the 
corresponding normal finger of the other hand in 3 cases ( J S , T R , 
and J W , aged respectively 16, 26, and 31 years) of median nerve section of 
13 to 16 months’ duration, and in one case (L C , aged 18 years) of ulnar 
section of 3 years’ duration Fig 9 shows that the volume pulsation 
(in c mm per 10 c c of tissue) is less m the denervated finger (broken lines) 
than m the corresponding normal finger (unbroken lines) in each subject 
The decrease is probably not due to loss of sympathetic supply for in a 
patient, seen after a left cervico-dorsal sympathetic gangkonectomy for a 
chilblain condition of the index and middle fingers 20 months previously 
(Case 1 of previous report (14)), the nng fingers showed equal pulsation on 
the two sides over the temperature range here considered The decreased 
volume pulse is similar to that found in moderately severe Raynaud’s disease 
(11 and 16) in which it has been ascribed to structural change (mtimal 
thickening) in the vessels An atrophic condition of the fingers reminiscent 
of that m Raynaud’s disease was present in greater or lesser degree m all 
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four of the oases of nerve section tested , in three the tension of the skin of 
the affected fingers was a little, and in one ( J W ) much increased These 
observations suggest that in cases of old standing peripheral nerve section 
the vessels undergo structural disease leading to a permanent defect in 
vascular supply, but a final conclusion is unwarranted in the absence of 
histological evidence, which must be awaited 

Changes in the appearance of the fingers Two or three days after section 

of the ulnar or median nerve the anesthetic skin is dry but otherwise is 
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Fig 0 Optical measurements of the pulsation in symmetrical fingers, normal (unbroken line) 
and amcsthetio (brofcon fanes) from four patients, m whom peripheral nerves had been 
severed Each reading was taken after soaking the hands for 5 or more minutes in water 
at the corresponding temperature (30®, 36®, 40® or 46®) The amplitude of pulsation is 
given in o.mm per 10 o o tissue 

C Left ulnar nerve severed above olbow 3 years previously Readings from right 
and left 6th fingers 

8 Left median nerve severed at wnst 13 months previously Readings from right 
and loft 3rd fingers, 

R Left median nerve severed at wnst 16 months previously Readings from right 
and left 3rd fingers 

W Left median nerve severed at wnst 16 months previously Readings from ngnt 
and left 2nd fingers 

usually normal in appearance If the hand has been exposed, then by about 
the 10th day, the amesthetio skin may show a little thickening and flaking 
of its homy layer, a condition described by Head and Sherren (8) Tins 
condition, which is also seen after sympathectomy, is probably ohiefly dee 
to dryness of the skin resulting from loss of sweating , if the hand is soaked 
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in water, these flakes become sodden and peel off when the hand is dried, 
revealing a surface which closely resembles that of the skin retaining its 
innervation The later changes develop gradually 

One of the earliest changes after the ansesthetio skin has become 
persistently cold is a gradual deepening of its colour and a tendenoy to 
cyanosis , this change is often evident by the second month after section 
Over the affected fingers the skin loses many of its wnnkles, especially so 
over joints that are unused, and becomes slightly more shiny than that of 
the corresponding fingers of the unaffected hand The more profound 
changes, which are confined more or less closely to the ansesthetio territory, 
consist in atrophy of the skin and soft parts of the fingers, and m changes in 
the form of the nails (Figs 10, 11 and 13) , these changes are often evident 
by the 4th month, and become pronounced within 12 to 18 months , in 
patients m whom the nerves have regenerated within 12 months the changes 
are much less conspicuous The superficial layers of the skin are demonstrably 
thinner than they should be and the skin often gives the impression of 
increased transparency The difference between normal and abnormal 
skm is best displayed by soaking the hand m water at 40° for 10 or 16 minutes, 
or in warm alkaline solution for a shorter time , m these circumstances the 
superficial layers swell by imbibition (see note on page 173) and become thrown 
into larger or smaller folds and are rendered opaque The soft parts shrink, 
the finger becomes more slender and pointed The atrophy is most noticeable 
in the pads of the fingers, which no longer project beyond or far beyond the 
end of the nail-bed The nails become narrowed and clawhke, bemg excessively 
curved laterally and antenor-postenorly, a change associated with and 
probably due to loss of subcutaneous tissue from the end of the finger , their 
rate of growth is decreased The bones of the affected fingers, and to a 
rather less extent of the other fingers of the affected hand, become rarefied 
and m long standing cases decreased m size 

Injuries and healing Since the affected fingers of the patients discussed 
are insensitive to pam stimuli, they are more than normally subject to injury, 
and especially to injury by contact with very hot objects They are also 
more prone to acquire chilblain than are the corresponding fingers of the 
normal hand These lesions produced by injury, and these chilblains, heal 
more slowly than is normal 

The mechanism of digital c han ges in vabious diseases 

Most of the changes that ocour m the limbs of patients suffering from 
diseases of the nervous system, in so far as these have been brought under the 
terras “ vasomotor ” and “ trophic ” will be found under the following sub- 
headings We shall attempt to show that each of these changes is susceptible 
of a simple explanation, which if not final is yet supported by substantial 
evidence 

Atrophy of the fingers We mean by this term a condition m which the 
digits become thin and tapered, and m which the pads are lost and the nails 
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over-ourved , the soft parts are obviously shrunken, the bones are rarefied 
and may be reduced in size These changes occur in a number of diseases, 
characterised by prolonged immobility, whether this results from fixation 
of joints or tendons or from paralysis of the muscles of functional or organic 
nervous origin , they occur particularly when the peripheral nerves are 
divided As previously stated, two possible causative factors are m general 
common to patients presenting these lesions, namely, disuse itself and reduced 
bloodflow In discussing those lesions m which the reduction in bloodfiow 
is intermittent, we have given reasons for thinking that disuse is ordinarily 
a more important cause of digital atrophy than is reduced bloodfiow But 
in lesions of the mixed nerves, disuse alone will not explain all the atrophic 
changes observed They are too sharply defined Atrophic areas of skin 
following nerve lesions may often be demonstrated by soaking the hand in 
water, and from time to time instances are seen m which after such immersion 
the anaesthetic area seems to be almost sharply mapped out by the crinkling 
of the neighbouring normal skin The first instance m which this was 
observed was m a boy, F S , 2 months after his median nerve had been 
severed After immersion conspicuous crinkling was seen upon the sensitive 
4th and 6th finger tips, but none on the insensitive taps of digits 1, 2 and 3 
The ulnar half of the palmar surface of the hand was covered with fine 
crinkles, the median half was uncnnkled , crinkled and unonnkled skm 
were almost sharply separated by a lino extending from the centre of the 
wrist to the base of the 3rd finger, a line which with minor discrepancies 
marked the separation of anesthetic from sensitive skm The line of 
separation is not always so clearly defined as m this instance, nor do the 
unonnkled and anesthetic areas always correspond so precisely , nevertheless 
their occasional almost sharp correspondence indicates that the atrophy 
of the skm cannot solely be the result of disuse , for it ib inconceivable that 
in the palm of the hand used and unused skm can correspond closely with 
sensitive and insensitive skin The olose correspondence between the 
areas of cold and of anrosthesic and atrophic skm after nerve section suggests 
that m these oases deficient blood supply may play an important part in 
producing the atrophic changes Support for this idea may be obtained by 
considering maladies m which the vessels are diseased The fingers of severe 
cases of Raynaud’s malady often show changes very similar to those in lesions 
of peripheral nerves , they become thm and tapenng, the pulp disappears 
and the nails curve , the growth of the nails is slow and the skm is thm and 
acquires unusual smoothness , the bones are less dense to X-ray penetration 
than are those of a normal hand, and those of the terminal phalanges are 
often shortened Such changes cannot be explained by loss of substance 
through necrosis, occurring as they do as diffuse changes in fingers in which 
external loss of tissue has been quite local and trivial, or has never ooourred 
They are not due to disuse , here we have particularly in mind a case of 
Raynaud’s disease under our core, in whom atrophio changes of the fingora 
are distinct (Fig 14), and who is a seamstress earning her livelihood by "using 
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her 1 uinds But her fingers for many years have been for most of the hours 
of each day at room temperature, during which the bloodflow through them 
often stops, or is only just perceptible We also have m mind cases of 
thromboangeitis affecting certain digital arteries and resulting in similar 
atrophy of corresponding fingers One of our cases of this malady had lost 
both feet but was scarcely aware of the condition of his left hand until his 
attention was drawn to it The ulnar artery was impervious and the 
circulation to all fingers, but especially to the 3rd, 4th and 6th, demonstrably 
defective, as evidenced by temperature, reactive hyperremia, and other 
tests The man regarded this hand as fully serviceable and used it as freely 
as his right one But the left fingers, when compared with the right, were 
distinctly small and tapered , the pads of the fingers, especially of those 
chiefly affected, were distinctly atrophic (Big 16) , the skm was abnormally 
smooth and a little but definitely deficient m mobility , its blood colouration 
was increased 

The results of our observations on the causes of digital atrophy may be 
summed up as follows In those conditions m which the sympathetic and 
sensory fibres remam intact and where the vessels are free from disease, 
the reduction of bloodflow is of the intermittent type discussed on page 166 
and is rarely sufficient to be more than a secondary factor in producing 
atrophic changes , the more potent factor m these conditions is disuse 
In such cases the atrophic changes develop at a rate that is relatively slow 
and proportional to the extent and duration of the disuse , they rarely 
become severe except in old-standing cases of almost complete disuse In 
maladies where the reduction in bloodflow is considerable and persistent, as 
in severe Raynaud’s disease and thromboangeitis, this reduction in bloodflow 
may be the sole cause of atrophic changes The relatively rapid development 
and ultimate seventy of the atrophic changes seen after peripheral nerve 
mj unes may be attributed to the operation of both factors, namely, to disuse 
and to a persistent and considerable reduction m blood supply 

Information relevant to the influence of disuse and of blood supply 
on the growth of epidermal tissues may be obtamed by measuring the growth 
of the nails marked by nitnc acid Head and Sherren (8) showed 
conclusively that there is a close relationship between growth and use 
This relationship appears m most cases to be independent of the discontinuous 
reduction in blood supply to the limb which disuse entails Thus in the 
two patients with poliomyelitis, the nails contmued to grow more slowly 
on the paralysed than on the normal side, even after the affected foot had 
been rendered persistently warm by sympathectomy Again m one of the 
patients with progressive muscular atrophy, m whom the affected hand was 
used, the nail growth was equal on the two sides in spite of the tendency to 
coldness of the affected hand When, however, the reduction in bloodflow 
is considerable and persistent, it may be associated with a decreased nail 
growth, even m the absence of disuse Thus m the seamstress already 
described as suffering severely from Raynaud’s disease, the nails grew 
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at the abnormally slow rate of 0 4 mm per week (normal = 0 7 to 1 mm 
per week) Again, in the patient with thromboangeitis described on page 
171 the nails of the affected 5th finger grew at 0 G mm per week as compared 
with the rate of 0 9 mm per week for the corresponding normal finger of the 
other hand Wo have as yet met with no instance where sympathectomy 
has increased the rate of nail growth in an otherwise normal hmb , but it is 
probable that such instances do occur, for in the rabbit sympathectomy has 
been found to increase ear growth, by Hams and Wngkt (6), and the rate of 
hair growth on the ear by Grant (4) 

Smooth shin It is perhaps advisable here to avoid the use of the term 
“ glossy skin ” as it has come to bo associated especially with slan presenting 
very brilliant light reflexes, and particularly with the conditions of skin 
developing m cases of severely painful lesions of peripheral nerves (causalgia), 
which are not considered here 

After division of ulnar or median nerve, the corresponding fingers may 
become smoother than formerly and even develop a httle gloss There is 
more than one factor which affects the surface of the 8km m this way Many 
of the furrows, large and small, "which normally break the smooth surface 
of the skin, are associated with movement, a movement of extension throwing 
the skin on the extensor aspect into foldB between which the furrows 
intervene In any condition of disuse the skin ceases to bo thrown 
periodically into this folded or wrinkled condition, and the corresponding 
furrow's tend to disappear Thinness of tho skin, an atropine process, will 
automatically abolish large folds and render furrows finer and less 
conspicuous Finally, tightening up of tho skin, whether this arises through 
a change in the skin itself or from swelling of tho tissues lying within it, 
causes the skin to become smooth and may even give it on unusual gloss 
The slimy slon of the leg m dropsy is obviously an affair of tension, 
disappearing as soon as the dropsy subsides In Raynaud’s malady the 
fingers may be distinctly swollen, and they are then much smoother than 
normal or actually shiny , a similar state is seen from time to time in disuse 
The chief pomt that wo here desire to emphasise is that such changes as are 
seen in the texture of the slan of fingers m the lesions of the nervous system 
considered, are readily explained as tho outcome of disuse and the malnutri- 
tion, which so usually accompames it 

Other effects of defective blood supply A oyanotio tint of the cold fingers 
or hand is frequent in many of the types of case disoussed , it is due to the 
slow flow of blood through the skin, which does not differ greatly, if at all, 
in tmt from that of normal fingers at corresponding temperatures 

Increased depth of colour may be brought about by thinness of the horny 
layer of skin of fingers or palm, w'lueh renders the contents of underlying 
vessels more clearly visible, but the chief leason is that long continued cold 
permanently dilates the minute vessels As a tempoiary effect such a 
dilatation from cold is often to be noted in normal subjects Continued 
coldness, however, leads to a more pronounced and persistent dilatation 
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of the minute vessels, a fact to which attention has been drawn already 
by Haxthausen (7) and by this laboratory (12), in the instances of 
eiythrocyanosis of the shins, prevalent among women smce clothing of the 
legs has become scanty, and m that of the high cheek colour of those exposed 
in cold windy climates 

It may be assumed safely that the vessels of any part of hand or foot, 
which is deprived of blood supply to an extent that brings its temperature 
near to that of the surrounding atmosphere for many hours each day, will 
m time show these changes Widening of the minute vessels is seen not 
only m lesions of peripheral nerves, but in syrmgomyeba, anterior 
poliomyelitis, m simple disuse, and in conditions primarily involving the 
blood vessels, for example Raynaud’s disease, acrocyanosis and thromboan- 
geitis obliterans The reddening of the skin as a response to cold may 
happen with or without manifest signs of inflammation It is notable that 
m all the states described the skm may become damaged more acutely with 
the production of chilblains When these ohilblams occur on skin m which 
the natural local vascular response is prevented from occurring, as it always 
is m peripheral nerve lesions and as it often is m Raynaud’s disease and other 
states, then these chilblains are modified , their colour is duller, their swelling 
is less, and their healing is unusually slow In cases of erythrocyanosis of 
the shins, chrome induration of the skm, with nodule formation and mdolent 
ulcers, are not uncommon, and these may be ascribed to injury from cold of 
tissues in which nutrition is depressed by low temperature and poor blood 
supply Slow healing is m fact invariable in skm to which the circulation 
is much reduced, a statement which applies not only to injuries derived from 
cold itself but from mechanical and heat injury In this connection, the 
rapid cure by sympathectomy of mdolent ulcers developed in the paralysed 
legs of patients with anterior poliomyelitis affords striking evidence of the 
previous effects of deficient circulation 

Briefly, cold affects the skm m a number of ways It often damages the 
skm directly By benumbing the skm and muscles, where there is not 
already damage to the nerves, it renders the fingers clumsy and more prone 
to accidental damage By diminishin g blood supply and nutrition it 
interferes with the reactions of inflammation and the processes of repair 
Cold is responsible for many of the effects hitherto regarded as “ trophic ” 
m ongm 


Note on imbibition in skin 

It is a matter of everyday observation that if the hands are long m warm water the akin 
becomes thrown into folds These folds are especially prominent on the finger tips, the furrows 
between them being deep and long On the palmar surfaces of the hands the folds are smaller 
and less distinct , on the dorsal surfaces they are even less distinct This crinkling of the skm 
is to be ascribed to the process known as “ imbibition ” and described m connection with gelatin 
and fibrin by Hofmeister (9), Oatwald (17), Spiro (18), Fischer (1) and others Our statement 
that crinkling of the Bkm results from the imbibition of water is based upon the following evidence 
Crinkling of the skm after immersion is due neither to congestion nor oedema of the skm , it is 
independent of the blood supply to the part, occurring equally well m the fingers if the circulation 
to the hand is arrested throughout the period of its immersion Contact with the warm water is 
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essential, no crinkling occurs m a fingor previously conted lightly with vaseline In water at about 
40 to 42°C alight crinkling is seen in tlio finger tips in 10 to 10 minutes, it becomes very definite 
in about twice this period of timo Tlio crinkling occurs much more slowly m water at 20° than 
at 40° If fingers of ono hand aro immorsod in wator nnd fingers of the other hand oro immersed 

in HC1, the timo taken for crinkling to appear is shorter on tlio sido of acid bath A similar 

statement is true of ^ NnOH If used at 40°, oithor tho acid or alkaline bath will induce well 


dofinod onnkhng within 3 to G minutes This bohnv tour of tho skin to tempornture and to acid 
and alkali is similar to that described for gelatin and fibrin Tlio homy lay ere of the skui swell 
as tlioy tnko up wator, bccoiro w Inter nnd more opaque If a small pioco of homy layor is removed 
from a fingor tip beforo immorsion, tho surrounding skin swells during immersion, leaving a 
central pit Tho skin is thrown into folds presumably because tho superficial layers take up 
water and expand, wlnlo tho deeper lay ore remain unchanged 


SUMMARY AND CONCLUSIONS 

(1) Disuse, whether resulting from lesions of the motor nerves, from 
fixation of the joints or tendons, or from ps\ clncal disturbances, leads to a 
diminished circulation tlirough the shin of the immobilised part The 
mechanism of this change is discussed 

(2) After loss of sympathetic supply, there is some regain of tone by 
the vessels of the affected limb, but tlio skin remains m general warmer 
than the symmetrical normal skin 

(3) After combined loss of motor and sympathetic supply, as m cases 
of old-standing anterior poliomyelitis subjected to sympathectomy, the 
affected hmb is in general warmer than the unaffected 

(4) Section of a mixed peripheral nerve lends first to abnormal warmth, 
but soon to persistent coldness of tho donervated skin The change from 
warm to cold skm seems to correspond in time \\ ith degeneration of the 
sensory fibres 

(5) The reduction m bloodflow tlirough the skin after section of a 
mixed nerve is due chiefly to loss of the posterior root fibres, partly to regain 
of vascular tone after loss of sympathetic supply, and partly to muscular 
inactivity consequent on motor nerve loss The possibility of organic 
vascular change m the digital vessels in long standing cases of peripheral 
nerve section is also considered 

(0) The nutritional changes in the skin, subcutaneous tissues, and 
bones, are described in a number of patients with lesions of the nervous 
and locomotor systems These changes may all be explained by disuse, 
defects in bloodflow, and sensory loss , and it is unnecessary to assume in 
explanation any “ trophic ” influence of the nervous system on these 
structures 
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Fig 10 JIT aged 31 severed his left median nene on April (he 17tli 1920 Photographs 
taken Jul\ the 7th 1930 Xo reco\ery of power or of sensation Fxneers 1 2 and 3 of 
left hand cold and antesthetie («ec Fig 0) The figure shows the relatneh smooth skin of 
the left hand especialh of fingers 2 and 3 , the folds in the skin o\ei the interphalangeal 
joints of fingers 2 and 3 are inconspicuous these fingers the thumb and to a less extent 
finger 4 are atrophied Fingers 1 and 2 are tapered with loss of pad and increased cun nture 
of the nail 
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Fir 11 Index fingers of tlic same subject, photographed from the Bide Tho left finger tnpere 
its nail is in emirvul, nil the furrows anil ndges of its skin nro poorh marked 



Fig 12 FT aged 3S the left hand bad been little used for 12 vears as a consequence of bullet 
wound and subsequent fixation of the joints Despite prolonged disuse the hand was often 
warm and the fingers showed Jess atrophv than is fiequent in such cases The atrophic 
changes shown in the left index finger arc however, characteristic the finger tapers, its 
pad is reduced it« nail is a little overeurved, and the skin is relatneh devoid of furrows 
and ridges and therefore smooth 
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Fig 13 Stale aged 37 Photograph taken Mav 1034 TmumntK injuri to left hnulunl 
plexus Mat 1032, with disuse of the arm which was complete for 18 and nenrh i omph ti foi 
the last 6 montlis Sensation lost up to the shoulder nt first began to reioxtr at the 18th 
month the ulnar area of the hand remained an-csthctii VII the muw I cb of the limb win 
wasted especinlh the small muscles of the hand The limb was persistenth told for the 
first lb months warm onh when used for the Inst six Warming the both gn\t n normal 
vasodilator tesponse from the index, none from the onnstlietic 5th finger All the fingers 
on the affected side shoved extreme atrophic changes their boneB were less dinsc to 
X nns than those of the other hand Photograph shows the two index fingers \iewid fn>m 
the side 



Fig 14 Af H , female, aged 57 suffering trom s=-iere Raynaud s disease of rnam years duration 
Photograph taken m April 1034 shows the left middle finger seen from the side The pulp 
of tlie finger is atrophied and the nail o\ ercun ed 
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Many have sought a circulating pressor substance as the agent responsible 
for high blood pressure in man Dnnzer, Brody and Miles (G) claimed that 
the injection of blood from a patient with hypertension produced a pressor 
response in cats desensitised by previous injection of the same blood , 
Curtis, MonenefF and Wnght (5) using the same method, obtained no 
pressor response from the blood of five hypertensive patients Bohn (3, 4) 
claims that either an alcoholic extract or an ultrafiltrate of blood from 
patients with pale hypertension produces a rise of blood pressure m 
nn-esthctised cats, but that similar preparations from normal subjects or 
from patients with red hypertension produce only a fall of blood pressure 
De Wesselow and Griffiths (7), Page (15), and Aitken and Wilson (1), m 
mnny careful experiments have been unable to confirm Bohn's results 
Kure, Naknya, Murakami and Okinaka (12), working with the Trcdclenburg 
frog preparation, claim to have detected a labile vasoconstrictor body, 
believed to bo adrenaline, m arterial but not m venous blood of 
individuals with normal and raised blood pressures , the adrenaline 
concentration to which this pressor substance corresponds is m normal 
subjects 1 m 2 million, in essential hypertension 1 in 600,000 tolinl million, 
and m “ Schrumpfmere ” 1 in 1,200,000 to 1 m 1,400,000 While he did not 
take the elaborate precautions to avoid oxidation used by the previous 
workers, Hulse (11), using the same preparation, was unable to detect any 
vasoconstrictor substance in the arterial or venous blood in red or pale 
hypertension, although he could detect adrenaline m the artcnal blood of 
normal subjects after intravenous injection of 02 mg Again, Hantschmann 
(9), using diluted blood on the rabbits’ ear preparation, claims that a 
vasoconstrictor substance which is not adrenaline is present in the blood of 
subjects with essential hypertension, and to a less extent in the blood of 
patients with nephritic hypertension Lastly, Lange (13) claims to have 


* Work undertaken on behalf of the Medical Research Council 
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extracted from human blood and unne a depressor substance mihirA those 
already known , in essential hypertension the concentration of this substance 
is diminished m the blood and increased m the unne , in pale hypertension 
it is increased in the blood and diminished in the unne 

The results obtained by previous workers are thus confusing and 
contradictory , moreover, the methods used are open to a number of 
objections In the first place it was shown by O’Connor (14) that vaso-aoiave 
bodies are released during clotting, and lately Freund (8) has shown that at 
least two substances are formed, namely, a dilator, appearing early, and a 
constnctor, appearing later It is probable, therefore, that the depressor 
and pressor bodies found by some workers in serum or blood extracts are 
artefacts, that is to say, substances which are bound and inactive in the 
circulating blood and whioh are first liberated during dotting or extraction 
Secondly, it is possible that a vaso-active body may be destroyed or lost 
during the process of extraction or ultrafiltration , De Wesselow and Griffiths 
(7) found, for example, that adrenaline, added to whole blood, could not he 
recovered in its ultrafiltrate These objections, and also the difficulties 
inherent in testing human blood or plasma m the experimental animal, 
can be avoided by transfusing blood from patients with hypertension into 
other human subjects, and it is surprising that only H^st seems to have 
used this method H^st (10) says that he has performed many transfusions 
with blood from patients with high blood pressure without observing any 
effect on the blood pressures of the recipients, and as his only example states 
that he transferred 700 c c of blood from an eclamptic patient with a systohc 
blood pressure of 270 mm Hg to a patient with carcinoma of the stomach, 
who showed no rise of blood pressure on that or on the succeeding day 
The following observations on the effeots of transfusion begun m 
ignorance of Host’s fully confirm his statement , they are summarised in 
Table I (normal donors) and Table II (donors with essential hypertension) 
The chief features of the donors with hypertension are summarised at the 
end of this paper All the transfusions were done for therapeutic reasons , 
relevant details relating to recipients are given m the tables The trans- 
fusions were earned out as follows Blood was drawn from a vein of the 
donor into a warm flask containing 10 c c of a 20% solution of sodium 
citrate per 260 o c of blood, this operation taking 6 to 10 minutes The 
blood was then introduced into a vem of the recipient, preceded and followed 
by saline The recipient’s blood pressure was measured by the ausoultatory 
method durmg, and for several minutes before and after, introducing the 
blood The tables show the readings at the beginning and end of the intro- 
duction of blood and the change They also show the time that elapsed 
from the end of withdrawal to the beginning of insertion of the blood, and 
the time taken to introduce the blood mto the recipient 

It will be seen from Table I that 400 to 660 o o of blood from 6 normal 
donors introduced mto 6 anmmio recipients m 6 to 26 minutes produced 
rises of systoho pressure varying from 0 to 16 mm Hg and of diastolio 
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pressure t arying from C to 15 mm Hg The greatest nses were observed 
in two patients aged more than 50 years So small a rise m arterial pressure 
suggests that the introduction of this large i olume of fluid was accompanied 
by a corresponding increase in the capacity of the circulation, and it is 
noteu orthy that in all cases the blood content of the skin vessels increased 
during the transfusion, the colour of the face and hands deepening much 
more than could be accounted for by increase m haemoglobin content of the 
blood The venous pressure was not measured directly, but from inspection 

TABLE i 


Shows the effect on the recipient’s blood pressure of transfusion of blood obtained from normal subjects 


Hecipient 

Volumo 
introduced 
m o c 

Time in min 

Blood pressuro mm Hg 

Age 

Disease 

Hb 

o/ 

/o i 

Blood 

Saline 

From 

with 

drawn! 

To 

|Begmmng j 

End 

Change 

mtro | 
ducc | 

S 

o I 

S 

IE 

1 S 

D 

44 

llcltena 

52 

600 

200 

— 

n 

118 

74 

124 

80 

1 

+ 0 

' 

+ o 

71 

Hiemotemcsis 

34 

400 

300 

47 

26 

112 

60 

122 

El 

+ 10 

+ 0 

S3 

Melrcno 

24 

550 

200 

— 

12 

114 

60 

130 

75 

+ 16 

+ 16 

24 

Care tent 

48 

600 

200 

28 

10 

122 

72 

124 

80 

+ 2 

+ 8 

40 

Leukaemia 

24 

500 

400 

22 

6 

122 


122 

08 

0 

+ 8 


TABLE n 

Shows the effect on the recipient's blood pressure of transfusion of blood obtained from donors suffering 
from essential hypertension 


* 

Donor 

Recipient 

Volume 
introduced 
m c c 

Time in 
mm 

Blood 

. 

pressure mm Hg 

Ago 

Disease 

Hd 

0/ 

/o 

Blood 


From 

with 

drawal 

To 

intro 

duce 

Beginning 

End 

Change 

S 

D 

S 

, 

S | D 

i 

24 

Caro vent 

62 

400 


10 


122 

70 

118 

76 

i j 

— 4 | + 5 

o 

24 

Care vent 

64 

350 


14 


122 

70 

125 

78 

+ 3 ( + 8 

3 

40 

Leukemia 

27 

550 


21 

8 

136 

60 

138 ! 

68, 

+ 2| + 8 

4 

40 

Leukaemia 

33 

400 


8 

4 

126 

70 

126 ^ 

i 1 

76 

— 1 1 + 6 

5 

33 

Peritonitis 

50 

600 

300 

4 

6 

135 

| 65 

| 135 

65 

; o o 

6 

40 

'Melsena 

29 

I 

500 

200 

1 

7 

138 

| 84 

[ 137 

I 85 

— i . + 1 

1 

32 

Care vent 

1 25 

1 i 

400 

j 150 

* 16 

1 ! 

, 9 

1 i 

116 

i 

58 

1 123 

I 

66 

i + 7 ; + 8 


* The numbers in tins column refer to the summaries of these patients appended to this paper 
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of the neck veins appeared m most cases to be raised 2 to 4 cm by the 
transfusion It may be recalled that Baykss and Starling found that in a 
dog intravenous injection of 500 c c saline raised the arterial pressure from 
102 to 120 mm Hg and the pressure m the inferior vena cava from 33 to 
205 mm H 2 0, and concluded that the relatively small rise of artenal pressure 
and the relatively great nso in venous pressure showed that most of the 
blood was accommodated on the venous side, a process which they attributed 
to arteriolar dilatation 

MM 
HG 

120 
110 
100 
90 
90 
70 
60 

Fjg 1 Recipient, a mule aged 24 years, suffering from carol noma of tlio stomach (Hb =» 
48%) Shows tho systolic and diastolic blood pressuro (in mm Hg) and tlio pulse rate 
(per nun ) beforo, during, and aftor transfusion of COO c c blood obtained from a normal 
subject The blood was withdrawn botwoon zoro timo and tho 7tli minuto The needle 
was inserted into tho recipient at tho 28tli minuto 1 DO c c salino wore run into tho recipient 
between tho 33rd and 36th minutes, followed by COO c c blood and 60 c o salino between 
tho 36th and 46th minuto 

In Table II are summarised the results of seven transfusions, in wluoh 
350 to 600 c c of blood from donors with hypertension were introduced in 
4 to 9 minutes into ansemic recipients The changes m systolic pressure 
varied from a fall of 4 mm to a rise of 7 mm , and of diastolic pressure 
from 0 to a rise of 8 mm Hg The changes in skin colour and in the neck 
veins were s imi lar to those seen when blood from normal donors was used 
In each of the recipients receiving blood from donors with hypertension, the 
blood pressure was agam measured after 2 and 24 hours , these pressures 
were a little lower (5 to 15 mm Hg systolic) than immediately before the 
transfusion, a difference probably attributable to excitement associated 
with this procedure 

It is evident from this brief summary that the transfusion of blood from 
subjects with hypertension produced rises m blood pressure that were m 
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general slightly less than those resulting from transfusion of blood from 
normal donors Two recipients received one transfusion from a normal 
donor and two from donors with hypertension, and it will bo seen from 
inspecting the tables, that similar changes in arterial pressure were produced 
by the bloods from the two lands of donors The results of two transfusions 
on one of the recipients are shown m greater detail m Figs 1 and 2 

These results suggest that the blood of patients with essential 
hypertension is similar to normal blood in its content of pressor and 
depressor substances But before taking up any definite position on this 
question it will be well to consider some objections First, it might be 



Fig 2 Same recipient ns that of Fig 1 (Hb now 02%) Shows the response of the recipient 
to transfusion of 400 c o of blood withdrawn between zero tune and the 10th minute from 
a mole aged 41 with systolic and diastolic blood pressures of 216 and 130 mm Hg respectively 
(Case 1) Tho needle was inserted into tho recipient at the 20th mmuto and 100 o c saline 
were introduced between 28th and 20th minutes The blood, followed by 60 e c of saline, 
was introduced between the 29th and 33rd minutes 

supposed that the recipients, being ill, were unable to respond to any pressor 
substances present m the blood they received None of these recipients were, 
however, gravely ill at the time of transfusion , all had normal blood pres- 
sures, and in those receiving blood from donors with hypertension the ability 
to give a pressor response to subcutaneous injection of 0 25 mg adrenaline 
was tested on the day after transfusion with normal results (a rise of 6 to 
12 mm Hg in the systolic pressure) Second, it might be supposed that the 
hypothetical pressor substance in the circulating blood of patients with 
hypertension is rapidly destroyed Yet, when the time elapsing from the 
withdrawal of blood to its insertion was reduced to less than a minute, no 
definite pressor response was obtained (Table II and Fig 3) Third, it 
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might be supposed that the dilution of the donor’s blood by that of the 
recipient was great enough to reduce the concentration of the hypothetical 
pressor substance below the threshold level for its pressor effect With 
this possibility m mind the blood from donors with hypertension was 
introduced as rapidly as possible, reaching 100 c c per minute in 3 instances 
One of these instances in which GOO c c of blood was introduced may be 
considered m detail If the recipient’s blood volume is taken at the normal 
figure of 3 to 5 litres, then the inserted blood \\ ould be diluted 1 m G to 1 m 9 
after entering the recipient It seems difficult to believe that a pressor 



Fig 3 Becipient, n mnlo oged 40 years, suffering from a bleeding duodenal ulcer (Hb <= 20%) 
Donor, n femalo aged 02, with systolic and diastolio pressures of 240 and 130 mm Hg 
respectively (Cnso 0) Tlio transfusion necdlo was introduced into tlio recipient at zero 
time, and 160 c o sabno ■were run in slowly until tlio 12tll minute 260 c c of blood were 
withdrawn from the donor between tlio 7tli and 12tli minutes and introduced into the 
recipient between tlio 12tli and lCtli minutes A second portion of 260 c o blood was 
removed from the donor between tlio 12tli and lCtli minutes and introduced into tlio 
recipient between the 10th and 10th minutes 


substance, which undiluted m the donor was responsible for systoho and 
diastolic blood pressures of 240 and 130 mm Hg respectively, should, when 
diluted in the recipient to 1 in 6 or 1 m 9, produce no pressor effect 

To sum up, these observations are opposed to the idea that m so-called 
essential hypertension, the high blood pressure is due to excess of pressor 
or to deficit of depressor substance m the circulating blood They could be 
made consistent with the view that the high blood pressure m such patients 
is due to a circulating pressor substance only by supposing that this 
substance is extremely rapidly destroyed tn vitro or m subjects without 
hypertension, or that the substance is inactive in relatively small dilutions 
The results do not exclude the possibility that hypertension may be due to the 
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mter\ention of a chemical agent which is not circulating but is fixed by the 
tissues 

In conclusion it mnj' be noted incident!} that the therapeutic results 
of using donors with hypertension were quite satisfactory, and the procedure 
is one that ran} bo commended ns likely to benefit both the donor and tho 
recipient 

Summary 

The changes m arterial blood pressure produced in anromic subjects by 
transfusion of blood from patients with essential hypertension are very small 
and are no greater than those produced by transfusion of an equal volume of 
normal blood 

Tins result is opposed to the idea that the raised blood pressure in 
essential hypertension is due to excess of pressor or deficit m a depressor 
substance m the circulating blood 

summary of donors utth high blood pressure 

Tho following nbbrcwations arc used — B P «= systolic and diastolic blood pressuro in 
mm Hg before blood was withdrawn for transfusion Hb % = 1 Hemoglobin content of blood 
on Haldane scale UCT = Urea concentration test 

1 Male, age 41 tears, admitted Januan, 1034 for left hemiplegia B.P ns 210/130, 
Hb 1 = 100% UCT =2 5% Eyegrounds slight arteriosclerosis Unne nothing 
abnormal 

2 Wale age 40 tears admitted January, 1034 for subarachnoid hremorrhago B P <=> 
200/110 Hb = 84% UCT =18% Eyegrounds arteriosclerotic retinitis Unno trace 
of albumen no excess of red cells Died of cerebral hromorrhage, Juno, 1034 Kidney’s showed 
ischicmic changes 

3 Female aged 48 years admitted Februart 1934 for attacks of rapid heart action 
BP *= 210/110 Hb =j 84% Blood urea =■ 28 mg % Eyegrounds normal Unne 
notlung abnormal 

4 Female, aged G2 years admitted February, 1034, for weakness B.P =250/135 Hb •» 

9S% UCT =2 8% Eyegrounds arteriosclerotic retinitis (Bmce 1032) Unne nothing 

abnormal 

6 Femnle aged 64 years, admitted June, 1934, for breathlessness Known to hate had 
hypertension since 1020 BJ* = 230/140 Hb = 09% UCT «= 2 7% Eyegrounds 
slight arteriosclerosis Unne notlung abnormal 

C Female, aged 62 years admitted June 1934, for headaches BP = 240/130 Hb =» 
90% UCT = 10% Eyegrounds ortenosclerotic retinitis (since 1031) Unne trace of 

albumen, no excess of red cells 


REFERENCES 

(1) Aitkes akd Wilson Quart J Wed , 1035, 28, (N S 4) 170 

(2) Bayxiss anti Stable- c J Phvsiol , 1804, 16, 169 

(3) Boas Z Urn Wed., 1932 119, 100 

(4) Boas Verb Deutsch Gcs. Kreislauflorsch 1932 p 112 

(5) Ccbtis WoNCRtETT AST) !\ BIGHT J Path Bact., 1927 30, 55 



192 


0 W PICKERING 


(6) Danzer, Brodt and Miles Proo Soo oxpor Biol and Med , 1025 26, 23, 464 

(7) de Wesselow and Gnirrrrns Bnt J oxpor Path , 1034, 15, 46 

(8) Freund Arch oxpor Path Pliarmakol , 1020, 86, 266 
(0) Hants ou Mann Z ges oxpor Mod , 1036, 86, 442 

(10) HpsT Acta mod Scand , 1031 32, 77, 28 

(11) HOxse Z gcs oxpor Med , 1022, 80, 240 

(12) Krmfe, Nanas a, Murakami and Okinaka Klin Wschr , 1033, 12, 464 

(13) Lange Kim Wschr , 1033, 12, 173 

(14) O’Connor Munch mod Wschr , 1011, 58, 1430 
(16) Page J oxpor Mod , 1036, 61, 07 



THE RELATIONSHIP OF THE CAROTID SINUS MECHANISM 
TO PERSISTENT HIGH BLOOD PRESSURE IN MAN 


By G W PICKERING, M KISSIN and P ROTHSCHILD 
( From the Department of Clinical Research, University College Hospital 

Medical School) 


The work of Herrng (2) extended by Heymans and his collaborators (6) has 
shown that in the normal mammal the blood pressure is regulated largely 
by reflexes originating from end-organs lying m the arch of the aorta and 
oarotid sinus Denervation of these areas produces a permanent nse of 
blood pressure and of pulse rate as Koch, Mies and Nordmann (9), Kremer, 
Wnght and Scarff (10), and Heymans and Bouokaert have shown (4) 
According to recent work from Heymans’ laboratory (5) it appears that 
this hypertension is evident only when the animal is awake and more or 
less excited , when the animal is asleep or quite quiet the blood pressure is 
normal The suggestion has been made that human hypertension may be the 
result of a disturbance of the carotid sinus and depressor mechanisms and 
some evidence has been produced for this view Thus it has been known 
for many years that in patients with hypertension and sderotio arteries, 
pressure over the carotid sinus (vagus pressure of the older authors) may 
produce an unusually profound fall of blood pressure and pulse rate 
Herrng (2) found that after cutting the carotid sinus nerves in the rabbit 
digital pressure over the region of the sinus gave a very large fall of blood 
pressure and pulse rate, due apparently to stimulation of the free ends of 
the divided nerves, for pressure on the exposed sinus gave no response 
He considered that this resemblance between the responses of patient and 
experimental animal suggested that m the former there was some interference 
with the oarotid sinus whereby the end organs became less sensitive to 
intra-sinus pressure and more sensitive to external pressure Although 
Herrng (3) appears later to have abandoned the view that hypertension in 
man is due to interference with the function of the oarotid smus and 
depressor nerves, Mies and Regmers have produced further evidence for its 
acceptance Mies (12) investigated 97 patients with high blood pressure 
and found 17 without renal insufficiency , in these 17 patients, the pulse 
rate averaged 100 per minute, carotid smus pressure produced a profound fall 


* Work undertaken on behalf of the Medical Research Council 
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of blood pressure and pulse rate, while obliteration of both carotid artencs 
below the sinuses gave no rise of blood pressure In the remaining 80 
patients renal function was impaired, the pulse rate was normal, carotid 
sinus pressure gave a small response, while obliteration of both carotids 
was usually without effect Ho concluded that in the first group of non-renal 
hypertension the raised blood pressure was due to a disturbance of the 
carotid sinus and depressor mechanisms whereby they ceased to respond, or 
responded only slightly to the stimulus of the artenal pressure Begmers (16) 
has described 6 cases of hypertension (one with retinitis and one with albumen 
and casts in the urine) m which carotid sinus compression gave a normal 
response, while obliteration of both carotids below the sinuses was without 
effect on blood pressure or pulse rate He also observed that the 
bradycardia occurring in normal subjects on release of carotid obliteration 
below the sinus did not occur in his patients with high blood pressure, and 
agreed with Mies that in hypertension the carotid buiub did not respond 
to changes in intra-sinus pressure In view of these claims and of the 
undoubted importance of the carotid sinus mechanism m the regulation of 
blood pressure, we have tested the function of this mechanism, by the 
methods described by Henng (2), in a number of adult subjects with normal 
and persistently raised blood pressures 

The patients with high blood pressure were admitted m the ordinary 
hospital routine, and may be regarded as representative of the cases 
occurring in this country , for only patients with cardiac failure or uraimia 
or with necks unsuitable for the tests were rejected The control subjects 
with normal blood pressure were selected from the laboratory staff and 
from convalescent patients m the wards To simplify presentation the 
subjects have been divided into four groups — (1) young subjects under 
30 years of age, with normal blood pressures, (2) elderly subjects over 45 
years of age with normal blood pressures, (3) patients with chrome nephritis 
and raised blood pressure , these patients were usually under 40 years old 
and had considerably impaired renal function with persistent lirematuna, 
(4) patients with so-called essential hypertension , all these patients were 
over 40 years old, had normal renal funotion, no kcematuna, and no albu- 
minuric retinitis The tests w ere earned out "with the subjects lying down, 
and after the blood pressure and pulse rate had settled to steady levels 
Carotid sinus compression The effeots on blood pressure and pulse 
rate of firm digital pressure over the right carotid sinus for 40 seconds are 
summarised in Table I All the compressions were made by one observer 
and he attempted to use the same degree of pressure throughout 

In judging the significance of the responses to carotid sinus compression 
shown by the various groups into which our subjects have been divided, 
two factors have to be taken into account The first of these is the different 
initial levels of blood pressure and pulse rate in the various groups Mark 
and Neumann (11) have shown that in normal subjects the falls of puke 
and respiratory rates produced by sinus compression depend directly on the 
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initial values of these rates We have found also that the fall m blood 
pressure m subjects with normal and raised blood pressures produced by a 
given dose of histamine is approximately proportional to the initial blood 
pressure * To allow for the different initial values of pulse rate and blood 
pressure, we have expressed m Table I the falls produced by sinus compression 
as percentages of the initial levels , it will be seen that m each of the four 
groups of subjeots the percentage fall m blood pressure corresponds fairly 

TABLE I 


Summarises the falls of blood pressure and pulse rate produced t n 4 groups of subjects by firm 
compression of the right carotid sinus for 40 seconds The figures for age, blood pressure and 

pulse rate represent the mean for each group 




Age 

m 

years 

Nesting 

Resting 

pulse 

rate 

Fall after caiotid smus pressure 

No of 
subjects 

Description 

pressure 
mm Hg 

| Systolio blood 
pressure 

Pulse 

rate 








1 %of 1 
resting 


%of 

resting 




s 

D 


mm Hg 

per mm 

6 

Young normal 

21 

118 

76 

78 

2 

mm 

2 

26 

13 

Elderly with j 

normal blood 
pressure i 

67 

128 

76 

73 

13 

10 1 

6 

82 

4 

Chronic 

nephritis 

28 

181 

104 

81 

12 

■a 

6 

62 

10 


69 

226 

110 

77 

27 

12 0 

8 

10 3 


closely to the percentage fall m heart rate The second factor is the degree of 
sclerosis of the carotid arteries Henng (2) has shown that the fall of blood 
pressure and pulse rate produced by sinus compression is considerably increased 
by sclerosis of the walls of the smus, and his results have been extended and 
confirmed by Weiss and Baker (16) In our senes of cases the percentage 
falls of blood pressure and pulse rate seem to refleot fairly accurately 
the extent of sclerotio changes m the larger artenes m the four groups of 
subjects Thus sclerosis was absent m the young normal subjeots (Group 1) 
in whom the response was least, present to a slight degree in the nephritic 
patients (Group 3) m whom the response was greater, and moderate m the 
elderly subjects with normal (Group 2) and raised (Group 4) blood pressures 


* Intravenous injeotion of 0 1 mg histamine acid phosphate produced the following average 
falls of systolic and diastoho pressures — 

(а) 27 and 19 mm Hg m 6 control Bubjeots aged 29 to 60 years in whom the resting 
syBtoho and diastoho pressures averaged 118 and 73 mm Hg 

(б) 49 and 24 mm TTg m 4 patients with chrome nephritis aged 17 to 48 years in whom 

the resting systolic and diastoho pressures averaged 196 and 110 mm Hg 
(c) 69 and 31 mm Hg m 6 patients with essential hypertension aged 41 to 64 years m 
whom the resting systolic and diastoho pressures averaged 226 and 126 mm Hg 
Expressed as percentages of the initial pressures the falls of systolio and diastoho pressures 
were 23% and 26% in normal subjects, 26% and 21 6% in chronic nephritis, and 26% and 24 6% 
in essential hypertension 
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The differences m the responses of pulse rate and blood pressure shown 
by the four groups of subjects thus seem to be adequately accounted for by 
differences m the initial blood pressure and by the presence or absence of 
sclerosis of the largo vessels Judged by the size of the response therefore 
it seems that in our subjects the stimulation of the sinus mechanism produced 
by a given mechanical compression of the smus is not related to the presence 
or absence of hypertension 

The large response to digital compression of the carotid smus is sufficient 
evidence of the integrity in human hypertension of the reflex aro whose 
afferent limb is formed by the carotid smus nerve 

Compression 0 / one carotid artery below the sinus More precise informa- 
tion as to the activity of the smus mechanism is obtained by oblitera tin g 
one or both common carotid artenes proximal to the smus, for such 
obliteration reduces the intra-sinus pressure, and thus alters the intensity 
of the stimulus to which the end organs ordinarily respond For the 
following observations we selected patients whose necks were t.Tnn and 
preferably long, and m whom it was easy to obliterate a carotid artery well 
below the 8inus, without causing much discomfort In the recumbent 
patient, one carotid artery was obliterated digitally as low as possible in 
the neck for a period of 1 minute, and then released We have no doubt 
that complete obliteration of the carotid was obtained in each case, for the 
temporal pulse disappeared on that side throughout compression, and the 
facial skm on that side often flushed on release Since the effects of carotid 
compression might be due, not to any effect on the Binus, but to discomfort 
or to the mechanical effects of compressing a large artery, we have controlled 
these observations by pressing on the lateral aspect of the neck and by 
compressing one femoral artery for the same lengths of time The effects 
of these procedures on blood pressure and pulse rote ore shown m detail 
m Table II, the subjects being divided into groups similar to those employed 
in Table I It will be seen that m each subject tested, the nse of blood 
pressure produced by carotid compression was greater than the summated 
changes produced by the control pressures on neck and femoral artery 
The nse of pulse rate produced by carotid compression was also greater 
than the summated changes produced by the control pressures except in 
five elderly subjects, two of whom had normal and three raised blood pressure 
Finally, release of the carotid compression was followed by a fall of blood 
pressure and pulse rate as commonly in patients with high as m those with 
normal pressures It seems, therefore, that the fall m mtra-smus pressure 
occasioned by digital compression of a carotid artery produced the same 
kind of response from the smus mechanism in our patients with raised and 
normal blood pressures 

An approximate estimate of the degree of response due to the fall of 
blood pressure within the smus may be obtained by subtracting the sum of 
changes m pulse rate and blood pressure produced by the control procedures 
from the changes produced by compression of the carotid The mean 
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TABLE H 

Shows the changes in systolic Wood pressure (S B P) and pulse rate produced by digital obliteration 
of the carotid and femoral arteries and by pressure on the lateral aspect of the neck for 1 minute 
in subjects with normal and high blood pressures 
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figures obtained in this way are shown in Table III, and are similar in each 
group of subjects Physiological experiment has shown that m the normal 
animal, the end-organs of the carotid sinus are continuously excited by the 
stretching force of the arterial pressure (1) (2) , the rises m pulse rate and 
blood pressure that occur ■when the intra-sinus process is lowered by 
obhterating a carotid are the reflex effects of a diminished discharge of nervous 
impulses from the end-organs of the sinus (2) The similarity m the size 
of these reflex responses, -which we have observed, suggests that the end- 
organs of the carotid sinus arc stimulated by the resting blood pressure 
to an extent that is not appreciably less in patients with high than m those 

TABLE in 

Summarises the rises of blood ‘pressure and pulse rale trhich, in each group of subjects, may be attributed 
to a fall of pressure unthin the carotid sinus The values are obtained from those in Table II 
by subtracting the sum of the changes produced by the control procedures from the changes 
produced by occlusion of a carotid artery 


Description 

Effect of lowering 
intra sinus pressure on 

SBP 
mm Hg 

Pulse 
per min 

1 Young normnl subjects 

8 

8 

2 Eldorh subjects with normal blood pressure 

7 

4 

3 Chroma nephritis with hypertension j 

0 

4 

4 Essential hypertension 

i 

8 

C 


with normal blood pressure * Our observations thus provide evidence 
against the view that the hypertension of chronic nephritis and of so-called 
essential hypertension is due to an impaired activity of the carotid sinus 
reflex It may be noted that Keelo (7) has failed to find anatomical changes 
in the carotid smus of patients with hypertension that were not present 
in patients of similar age with normal blood pressures 

The results which wo have obtained from carotid compression differ 
entirely from those previously described by Mies (12) and by Regmers (15) 
It is possible that the discrepancy is due to a difference in the types of 
hypertension studied, but we hesitate to adopt this explanation since both 
these workers, like ourselves, seemingly tested representative examples of 
patients suffering from persistent hypertension It seems more probable 

* From the results of animal experiments, which show that the stimulation of the carotid 
smus end-organs is proportional to tlio arterial pressure, we might expect that tlieso end-organs 
would be greatly stimulated m human hypertension Our evidenco is insufficient to say whether 
this expectation is or is not realised, for the tests of carotid Binus function m man are too crude 
to admit of this very prociso interpretation and tlio pulse rate in too much influenced bv otner 
factors to be a reliable guide 
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that the discrepancy is due to a difference of technique Both Mies and 
Regmers used compression of both carotids as their test method, and while 
Mies gives no further details, it seems probable from Regmers’ description 
of his experiments that he failed to obliterate the carotid arteries, for m many 
of his patients he had difficulty even in palpating them and apparently took 
no precaution to ascertain whether they were obliterated 

The pulse rate The pulse rate showed only minor deviations from the 
normal in these patients with high blood pressure, and as Table I shows, 
the resting pulse rate, averaged for the various groups of subjects, was not 
significantly different in those with raised and those with normal pressures 
It is to be anticipated from the experimental results of denervatmg the 
carotid sinus and arch of aorta, that if there were any gross diminution in the 
activity of these reflexes m human hypertension, tachycardia would also be 
present Before the present investigation, we have seen persistent tachy- 
cardia m occasional patients with hypertension , it is, however, as yet 
uncertain how far the tachyoardia in these admittedly exceptional cases is 
to be attributed to alterations m the function of the sinus and depressor 
meohamsms, and how far to other factors which undoubtedly influence it 

Concluding remarls 

The idea that certain forms of human hypertension might be due to an 
interference with the carotid sinus and depressor reflexes arose from the 
demonstration that high blood pressure could be produced m the experimental 
animal by denervatmg the carotid sinus and arch of the aorta A comparison 
of the chief features exhibited by patients suffering from the common forms 
of persistent hypertension (chrome nephritis and essential hypertension) 
with those exhibited by the animal with this form of experimental hyper- 
tension is instructive, for it reveals differences that are so striking as to leave 
no doubt as to the essentially different origin of human and experimental 
hypertension Thus tachycardia is invariable m the experimental (4, 9, 10), 
exceptional in human hypertension , compression of the carotid artery 
below the sinus gives no response m the animal (8, 9) and a definite response 
m man , sensory stimuli produce a fall of blood pressure in the animal (8, 9) 
and a nse in man , m sleep the blood pressure falls to normal (5) m the animal 
and remains elevated m man (13) , and lastly, characteristic histological 
changes in the arterioles are absent m the experimental (10, 14) and usually 
present m the human form It is not denied that there may be examples 
of hypertension m man which are similar m origin to the experimental form, 
but such cases must be uncommon and we are not satisfied that the evidence 
for their existence is adequate 


SUIQIABY 

1 The function of the carotid sinus mechanism has been tested by 
Henng’s method m four groups of human subjects — (1) young adults with 
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normal blood pressure, (2) elderly subjects with normal blood pressure, 
(3) patients with chronic nephritis and hypertension, (4) patients with essential 
hypertension 

2 The differences in the response to carotid sinus compression shown 
by the various groups seem to be entirely accounted for by differences m 
the initial levels of blood pressure and by differences m the degree of sclerosis 
of the large arteries 

3 Digital obliteration of one carotid artery below the sinus produced, 
m all subjects with normal and high blood pressure, nses of blood pressure 
and pulse rate that were greater than those produced by control pressures 
on the neck and femoral artery 

4 The resting pulse rate w as essentially normal m the patients with 
hypertension 

5 It is concluded that the hypertension exhibited by patients suffering 
from chrome neplmtis and by most of those suffering from so-called essential 
hypertension is essentially different m ongin to that produced experimentally 
by denervating the carotid sinus and arch of the aorta 

REFERENCES 

(1) Bronk and Stella J coll comp Plirsiol , 1932, 1, 113 

(2) Bering “Dio Knrotissinus roflox auf Hcrz und Gefiiase,” otc Dresden and Leipzig, 

1027 

(3) Bering Z Kroialnuflorsch, 1930, 82, 231 

(4) Heymans and Botjckaert C R Soc Biol , 1931, 108, 471 

(5) Heymans and Botjokaert C.R Soc Biol , 1934, 117, 252 

(0) Heymans, Botjokaert and Reqniers " Le Sinus Carotidien,” Pans, 1933 

(7) Kkele Quart J Med , 1933, 26, 213 

(8) Kooh and Mies Krankheitsforsch, 1929, 7, 241 

(9) Kooh, Mies and Nordhann Z Krcislaufiorsoh, 1927, 19, 585 

(10) Rremer, Weight and Soabft Brit J exp Patliol , 1933, 14, 281 

(11) Mark and Neumann Z ges exper Med , 1931, 80, 160 

(12) Mies Z klm Mod , 1032, 120, 013 

(13) Mueller and Brown Ann intern Med , 1030, 3, 1190 

(14) Nordmann KrankheitBforsoh, 1920, 7, 208 

(16) Regniebs Rev Beige des Science Mod , 1930, 2, 601 
(16) Weiss and Baker Medicine, 1033, 12, 297 



THE EFFECTS OF ADRENALINE AND OF COLD ON THE BLOOD 
PRESSURE IN HUMAN HYPERTENSION 


By G W PICKERING and M KISSIN * 

( From the Department of Clinical Research, University College Hospital 

Medical School) 

Ttthi following observations on the responses to adrenaline and to cold were 
undertaken to repeat work whioh, m the absence of more direct evidence, 
has oome to play a considerable part in forming current opinion as to the 
mechanism of high blood pressure m man 

Material 

All the patients with high blood pressure were adults in whom the 
systolic pressure remained over 150 and the diastolic over 95 mm Hg after 
rest m bed for several days , all had Borne cardiac enlargement, none had 
congestive cardiac failure , signs of retinal arteriosclerosis were present in 
nearly all cases Some of these patients, chiefly young adults, had had 
aoute nephritis or had a definite and progressive impairment of renal function 
with persistent hsematuna , these patients have been classified as oases of 
chrome nephritis The remainder were over 40 years old, had no impairment 
of renal function or hsematuna and no albuminuric retinitis and have 
been classified as oases of essential hypertension No cases of malignant 
hypertension or of coarotation of the aorta have been included Control 
subjects with normal blood pressures and comparable m age with the two 
groups of patients with raised blood pressure were obtained from members 
of the laboratory staff and convalescent patients in the wards 

The subjects were examined lying down under quiet conditions , no 
interference was made until the blood pressure and pulse rate had ceased to 
show significant variations for several minutes 

Adrenaline 

Hulse (7) has claimed that serum obtained from patients with nephritic 
hypertension will sensitise the experimental animal to the pressor action of 
adrenaline, while serum from patients with essential hypertension or from 
normal subjects will not Later, Deicke and Hulse (2) claimed that nephritic 

* Work undertaken on behalf of the Medical Research Counoil 
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patients themselves react unusually profoundly to small doses of adrenaline 
Thus they stated that intravenous injection of 0 005 mg produces a nse or 
fall of less than 10 mm Hg in the artenal pressure and a rise of less than 
20 mm H a O m the venous pressure m normal subjects, m patients -with 
essential hypertension, and in nephritic patients without hypertension , 
but m nephritic patients with hypertension tins dose of adrenaline produces 
either a greater rise or a greater fall of artenal pressure, and a much greater 
nse of venous pressure Hulsc (2, 7) has supposed therefore that nephritic 
hypertension is due to the presence of some substance in the circulating 
blood which causes the peripheral vessels to react abnormally strongly to 
normal sympathetic impulses , his results form one of the chief pieces of 
evidence for Volhard’s view that in nephntis the hypertension is of chemical 
origin, while in essential hypertension it is not (9) Gordon and Levitt (3) 
recently found that the minimal dose of adrenaline producing a change of 
the artenal pressure is no less m nephritic hypertension than m essential 
hypertension or normal subjects 

We have repeated Deicko and Hulse’s observations, following their 
method as closely as possible To measure the venous pressure, a wide bore 
needle was introduced into tho median basihe vein and connected to a 
manometer tube and reservoir containing 2% sodium citrate , the arm lay 
5-16 cm below the level of tho sternum, the patient being recumbent , the 
meniscus recording venous pressure always showed respiratory oscillations 
of 2 mm or more Tho artenal pressure was measured by the auscultatory 
method in the other arm After venous and artenal pressures had reached 
steady levels, 0 5 c c freshly prepared 1 100,000 solution of adrenaline 
hydrochloride m air-free saline was injected either into tho venous pressure 
needle and washed m with citrate solution, or into a vein of the opposite 
arm The resultant changes in artenal pressure w ere not influenced by the 
site of injection The nse of venous pressure was invanably found to be 
much greater when the adrenaline w r as injected into the vein from which 
venous pressures w'ere being recorded (Fig 1) This difference may be 
attnbuted to a direct constnctor action of adrenaline on the veins, for m 
subjects with a prominent cephalic vein we have seen this vessel disappear 
m its length for several minutes after injecting 0 005 mg adrenaline into its 
distal end 

The results of our observations are summarised in Table I The full 
response of the arterial pressure to adrenaline seems to consist of a very 
fleeting rise about 16 seconds, a slightly more prolonged fall about 25 seconds, 
and a sustained rise beginning about 45 seconds after the injection and 
lasting about 2 minutes We have omitted the preliminary transient rise 
from Table I since it was rarely detected It may be seen that the changes 
in arterial pressure were fairly uniform in subjects with normal blood 
pressures, much more variable and on the whole larger in those with raised 
pressures, particularly m patients with essential hypertension, some of whom 
responded with a considerable fall, others with a considerable nse The 
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changes m venous pressure summarised in Table I represent the responses 
to intravenous injection of adrenaline into the arm opposite to that recording 
venous pressure and thus represent changes m systemio venous pressure 
It wall be seen that the rises of venous pressure were fairly uniform and 
essentially normal in both nephritic and essential hypertension The rise 
of venous pressure produced by injecting adrenaline into the arm from which 
the venous pressure was measured is not shoum in Table I, but was determined 
in all our cases and was essentially similar m all 3 groups, averaging 6 4 cm 
in normal subjects, 5 0 cm m nephritic hypertension and 5 2 cm in essential 
hypertension 

Our results thus fail to confirm those of Deicke and Hulse As far as 
the changes in arterial pressure are concerned, they too observed great 



Fig 1 Shows the \enoua pressures in cm HjO measured simultaneously m both arms of a 
normal subjeot At the signal H 0 005 mg adrenaline hydrochloride was injected into 
the needle connected to the venous pressure manometer on the right aide and washed mto 
the vein with citrate solution , the venous pressure rose 5 cm on the right and 2 cm on the 
left At the signal L a similar injection was made on the left side the \ enous pressure 
rose 2 cm on the right and 9 cm on the left The venous pressures are referred to the 
manubrium stern l as zero 


variation in the type and magnitude of response among patients belonging 
clinically to a single type and they seem to have selected as typical of 
nephritic hypertension a kind of response which we have more often seen m 
essential hypertension We are unable to account for the unusually great 
rwe of venouB pressure which Deicke and Hulse found m nephritic hyper- 
tension, unless in these cases only they injected adrenaline mto the arm 
from which the venous pressure was measured 

These observations have proved of interest in another way The 
theory that hypertension is due to hyperadrenahnaemia has recently been 
revived by Kur6 and his co-workers (8) who present new evidence These 
workers claim to have detected in arterial but not m venous blood a labile 
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vaso-constnctor substance which they believe to be adrenaline , the 
concentration of this substance they estimate to be equivalent to 1 m 2 
million adrenaline m normal subjects, 1 in 600,000 in red hypertension and 
1 in 1,200,000 in pale hypertension (Volhard’s classification) Their results 
are difficult to reconcile with those of Hulse (6) who was unable to find any 
constrictor substance in the arterial blood in hypertension, although by his 
method he claimed he could detect adrenaline in the arterial blood of normal 

TABLE I 


Shows the changes tn arterial and venous pressures and tn the colour of the face produced by 
intravenous injection of 0-005 mg adrenaline hydrochloride 


Diagnosis 

Ago 

Sot 

Artonal 
pressure 
mm Hg 

Besponso to 0 005 m 

g adrenaline 

Artonnl pres 

sure mm Hg 

Else 
\onous 
pressure 
cm HjO 

Pallor 

Fall 

Bibo 

S 

D 

S 

D 

S 

Cl 

Normal 

20 

M 

112 

80 

13 

8 

4 

0 

24 

Yea 

Normal 

20 

M 

fTTl 

74 

5 

0 

8 

2 

12 

Yea 

Bheumatoid artliritis 

48 

F 

■Ml 

80 

0 

8 


0 

15 

— 

Gastnc ulcer 

51 

M 

Kitfl 

02 

10 


8 

KB 

20 

— 

Gastric ulcer 

58 

ir 

132 

78 

13 

8 

IOT 

Bfl 

33 

Tea 

Tabes dorsalis 

CO 

M 

100 

05 

8 

8 

8 

Bfl 

11 

Yes 

Amcmia (cured) 

01 

F 

130 

— 

18 

— 

8 

1 

31 

— 

Avorngo 

H 

B 

118 

73 

10 

B 

8 


21 

— 

Chrome nephritis* 

17 

ar 

100 


0 

B 

10 

D 


. 

* 

21 

M 

100 

85 

18 

Bfl 

10 



• 


30 

M 

102 

112 

0 

wfl 

21 

MISII 

18 

Yes 


30 

M 

187 

130 

0 

Bfl 

7 

0 

20 

* 


37 

F 

105 

110 

5 

Bfl 

7 

0 

18 

YeB 

»» »> 

48 

F 

208 

100 


o 

18 

12 



Yes 

A\ erogo 

B 

B 

ISO 

100 

B 

i 

13 

3 

21 

— 

Essential hypertension 

41 

M 



10 

MB 

n 

6 

21 

Yes 

40 

F 



0 

IbFb 

El 

0 

35 

Yes 


54 

F 

210 

112 

32 


mm 

17 

— 

Yes 


68 

F 

215 

115 

0 

Mrm 

Efl 

3 

34 

Yes 


01 

F 



40 

ggfiM 

Bgfl 

0 

1 8 

Yes 


64 

F 

214 


12 

8 

Bfl 

7 

1 2 

— 


04 

F 

234 

120 

22 

20 

0 

0 

00 

Yes 


72 

m 

178 

105 

0 

0 

20 

0 

07 

Yes 

Average 

B 

m 

208 

115 

14 

8 

14 

5 

1 0 




* These two patients had m addition nortio regurgitation 


subjects after intravenous injection of a quantity too small to influence the 
arterial pressure Now it is known that m man adrenaline produces con- 
slnotion not only of the arterioles but also of the minute vessels of the skin (1) 
The redness of the face that is usual in patients with essential hypertension 
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can only be reconciled with a coexisting hyperadrenahnsemia by supposing 
that in them the minute vessels of the skin are relatively insusceptible to 
adrenaline Our experiments show that this is not the case 

Prom Table I it will be seen that in many subjects with normal and 
raised blood pressure 0 005 mg adrenaline produced pallor of the face The 
degree of paling was related to the m tensity of the initial redness of the face, 
and was thus greater m patients with essential hypertension than m normal 
or nephritic subjects In the cases where pallor was not recorded, the face 
was either not inspected or was so pale initially that the absence of further 
paling seems unimportant Pallor was observed at about the time the 
arterial pressure began to change and lasted about 2 minutes In 2 cases of 
essential and I case of nephritic hypertension with red faces 0 0025 mg 
adrenaline also produced pallor lastmg about 1 minute , in one of these 
cases with essential hypertension the injection produced no fall and a nse 
of 10 mm systolic and 0 diastoho from initial levels of 215 and 115 mm Hg 
respectively The susceptibility of the minute faoial vessels to adrenaline 
and their ordinarily dilated state m essential and sometimes unconstncted 
state in nephritic hypertension are facts that we cannot reconcile with the 
view that the raised blood pressure is due to the presence of abnormally 
large amounts of adrenaline m the blood 

Cold 

Hines and Brown (4, 6) have suggested that essential hypertension 
consists of two stages, a first in which hypertension is due to a hyper-reactive 
vasomotor system and a second in which secondary orgamo changes occur 
in the vessels They claim to have discovered in the response of the blood 
pressure to a cold stimulus, a method of demonstrating a hyper-reactive 
vasomotor system Thus they found the following average rises of systolic 
and diastolic pressure in response to immersion of one hand in water at 
4°C (a) 8 9 mm and 7 6 mm Hg in 40 normal subjeots aged 17-50 years, 

(b) 30 1 and 21 1 mm in 8 subjects with “ potential hypertension ” aged 
19-44 years with normal blood pressures but with a family history of 
hypertension, (c) 32 and 21 mm m 7 cases of early or labile hypertension, 
without retinal sclerosis or cardiac enlargement, (d) 38 4 and 32 5 mm m 11 
cases of hypertension with retinal sclerosis and enlarged heart, (e) 13 1 
and 10 8 mm m 8 patients aged 65-91 with arteriosclerosis but without 
hypertension 

To test the effect of cold we used a method s imil ar to that of Hines 
and Brown, one hand of the recumbent subject being immersed to the 
wnst in water at 4°C for 3 minutes In eaoh case the subject was quiet, 
had a steady pulse and blood pressure, felt comfortably warm and had 
naturally warm hands before the immersion The rises of blood pressure 
produced m response to this procedure are summarised in Table II, where 
we have divided the subjects tested into four groups It will be seen that 
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the response was very variable in each group, particularly in the elderly 
control senes and in the patients with essential hypertension, and that the 
average size of the response was approximately the same in the elderly 
subjects with normal blood pressure as in those suffering from essential 
hypertension In any one subject tested under s imil ar conditions on a 
number of occasions the size of the response remained fairly constant , thus 


table n 

Shot cs the rise of blood pressure ( systolic and diastolic, in mm Eg) %n response to immersing one 
hand to the wrist in water at 4°(? 


Num- 

ber 

sub 

jeots 

Dcsonption 

Ago m yi 

sax* 

i 

Resting blood pre 

Bsuro 

Rise of blood pi 
to cola 

•essure 

Limits 

cs 

Limits 

Mean 

Limits 

i 

Mean 

7 

Control 

20 to 37 

33 

08/60 to 142/85 

120/78 

0/0 to 16/20 

8/6 

n 

Control 

42 to 64 

63 

106/64 to 142/80 

130/76 

3/0 to 60/20 

22/11 

4 

Chronic 

nephritis. 

Essential 

hypertension 

26 to 48 

36 

146/08 to 106/130 

170/100 

11/6 to 26/10 

17/0 

12 

40 to 66 

64 

182/92 to 252/138 

218/120 

2/6 to 60/42 

21/13 


a woman of 66, suffering from rheumatoid arthritis of 9 years duration and 
with a normal blood pressure, experienced a rise of systolic pressure which 
lay between 24 and 32 mm Hg when tested on 7 different occasions , in 
three other control subjects tested on 2 occasions the variations were no 
greater From our observations we would conclude that the rise of blood 
pressure produced m this test is fairly constant for each individual, that it 
tends to be larger in old subjects than m young, and that its size seems 
to be related to the degree of discomfort which the subject experiences 
but is to a large extent independent of the resting blood pressure Our 
senes is too small to exolude the possibility that the rise of blood pressure 
is in general larger in subjects with hypertension than in those of similar 
age with normal pressures 

In view of the difference between our conclusions and those of Hanes 
and Brown we may add that we see no reason to suppose that our elderly 
patients with normal blood pressures belong to the class of potential or 
labile hypertension , they gave no family history of the disease and had 
attained an age such that a “ potential ” should have become an actual 
hypertension 


Conclusions 

1 No evidence has been obtained that patients with ohromo 
nephritic hypertension are abnormally sensitive to adrenaline 
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2 Evidence has been provided against the view that essential and 
nephritic hypertension are due to hyperadrenahnEemia 

3 The suggestion that a relatively large rise of blood pressure m 
response to a cold stimulus is peculiar to potential or developed cases of 
essential hypertension is unconfirmed 
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THE PERIPHERAL RESISTANCE IN PERSISTENT ARTERIAL 

HYPERTENSION 

By G W PICKERING * 

( From the Department of Chnxcal Research, University College Hospital 

Medical School ) 


In spite of the attention that it has received from the experimental as well 
as from the clinical aspect, high blood pressure remains a symptom that 
is little understood Although the available evidence suggests that 
persistently raised arterial pressure m man results from narrowing of the 
peripheral vessels, the information is m certain respects incomplete , 
moreover there is little evidence to show whether the vaso-constnction is 
confined to some organs or affects all, and what is the nature of the abnormal 
agent wlnoh brings it about A review of previous work reveals that a 
possible cause of our ignorance is that most workers have studied the 
circulation as a whole, thereby encountering factors so complex as to defy 
exact analysis It seemed possible that useful information might be got 
from a study of part of the circulation instead of the whole , and since 
the upper limb is accessible and its circulation relatively well understood, 
this part has been the subject of the investigations which follow By 
restricting enquiry in this way it is impossible that a complete answer should 
be obtained to some of the questions raised , and while these observations 
leave undecided the ultimate nature of the agent responsible for high blood 
pressure, it is hoped that they may help to indicate the direction in which 
it may be profitable to search 

Material This paper is chiefly concerned with observations on patients 
with persistent hypertension In all these patients the systolic pressure 
was over 160 and the diastolic over 100 mm Hg when the patients were at 
rest Most of them had some cardiac enlargement, none had congestive 
cardiac failure They have been divided into the following groups — 

(1) Chrome nephritis These were young adults who had previously 
suffered from acute nephritis, or who had a considerable and often 
progressive impairment of renal function with persistent haematuna 
Signs of retinal arteriosclerosis were present in all cases except one 

(JC) 


* V ork undertaken on behalf of the Medical Research Council 
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(2) Malignant hypertension Two patients who had considerably 
raised blood pressures and shght impairment of renal function without 
any history of acute nephritis, but who had albuminuric retinitis with 
retinal arteriosclerosis 

(3) Essential hypertension Patients whose renal function was normal 
or but slightly impaired, who had no haimatuna, and whose retime 
did not show the changes characteristic of albuminuric retinitis Signs 
of retinal arteriosclerosis were present m all except three patients 

(4) Coarctation of the aorta In these patients the blood pressure 
was raised m the arms but normal in the legs, the summit of the femoral 
pulse was later than that of the radial, and collateral vessels were 
palpable between the scapulas Retinal arteriosclerosis was shght or 
absent 

(6) A case thought to be one of basophil adenoma of the pituitary 
(Cushing’s syndrome) who is still alive and is reported fully 
elsewhere (42) 

As controls for these cases, subjects with normal blood pressure were 
selected from the laboratory staff and from convalescent patients in the 
wards Many of the older control subjects had some degree of brachial arterio- 
sclerosis, but none were anaemic or febrile 

The peripheral resistance in persistent hypertension 

A number of determinations have been made of the cardiac output in 
hypertension, and these have been reviewed recently by Grollman (16) 
While many of the results have been obtained by methods that are suspect, 
the more rehable methods have shown that m many cases of persistent 
hypertension the cardiac output is but slightly greater than normal Thus 
Liljestrand and Stenstrom (32) using the nitrous oxide method found cardiac 
outputs of 2 7 to 3 2 litres per square meter of body surface m 3 cases of 
chrome nephritis Hayasaka (19) using the triple extrapolation method 
obtained cardiac outputs which averaged 3 2 htres m 14 cases of benign 
(essential) hypertension, 3 4 htres in 5 cases of malignant hypertension, 
2 0 litres m 7 cases of chrome nephritis, and 2 2 htres per square metre in 
7 normal adults Blumgart and Weiss (3) found normal circulation times 
in essential hypertension without cardiac failure There is general agreement 
that increases m the cardiac output of this order do not account for the 
abnormally high arterial pressures of the subjeots examined, and it is 
therefore concluded that the factor responsible for persistently raised 
blood pressure is an increase m the frictional resistance to the flow of blood 
through the systemic vessels Inspired by the teaching of the older 
physiologists who stressed the importance of the splanchnic area in the 
control of blood pressure, many have supposed that high blood pressure is 
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due primarily to narrowing of the vessels supplying the abdominal \isccra * 
If hypertension w ere due to narrowing of the vessels m certain areas of the 
bod} 1, only, wo should expect sjmptoms of ischiemia to anse from organs 
tying within tlieso areas Since such symptoms are uncommon m 
hypertension, at least in early cases, and occurring, may usualty be attributed 
to localised structural changes m the vessels, it seems probable on cbmcal 
grounds that high blood pressure usualty results from a cause which affects 
the circulation as a whole Information relevant to this question may be 
obtained by measuring the rate of blood flow through the forearm, for in 
hypertension this rate may be expected to be normal if the forearm vessels 
share m a generalised increase in the peripheral resistance, and increased 
if the peripheral resistance is more greatly increased elsewhere Such 
measurements were made 16 years ago by Hewlett and Zwaluwenburg (22), 
but their work was done before nephritic and essential hypertension were 
clearly distinguished and before the desirabikty of controlling limb 
temperature was appreciated 

The rate of bloodflow through the forearm The rate of bloodflow through 
the forearm has been measured by Hewlett and Zwaluwenburg’s method, 
using the pletliysmograph designed by LewiB and Grant (30) and the 
technique which they described For these observations the subject lay 
on a couch in a quiet room at a temperature of 20° to 22°C , the body being 
lightly covered so that the subject felt comfortably warm One forearm 
w as enclosed m a pletliysmograph and immobilised by sandbags m a water 
bath maintained at 32 °C After an initial period of 30 minutes or more, the 
bloodflow through the forearm was determined by recording on a smoked 
drum the rate of volume change of the contents of the pletliysmograph 
when the venous outflow w as obstructed by suddenly inflating a cuff on the 
upper arm to 60 mm Hg Measurements were repeated at intervals for 
at least an hour 

The results of these observations are shown m Table I, the figures for 
two of the normal subjects being taken from Lewis and Grant’s paper It 
will be seen that in all the patients with persistent hypertension, the rate of 
bloodflow varied within the normal limits, though m one case of essential 
hypertension it was a little high and in another a little low , it is improbable 

* In support of this, reference is often made to Jansen, Tams and Acliebs (24) who found 
m the dog that the nse of blood pressure produced by obstructing the iliac artenes was greater 
and more persistent if the superior mesenteric artery were obstructed previously They found 
that binding three limbs m succession to the point of occluding the arteries produced slight and 
transient rises of pressure in normal and larger and more persistent rises in hvpertensrve subjects 
narcotised with veronal and morphia, and argued that this difference showed the inability of the 
splanchnic circulation in hypertension to accommodate the blood displaced from the limbs 
I have been unable to repeat Jansen, Toms and Achelis’ observations on men without narcosis 
because in subjects with high blood pressure binding the thigh sufBcientlv tightly to empty it 
of blood is extremely painful Obstructing both femoral arteries digitally in the groin produced 
slightly larger rises of blood pressure m patients suffering from neplintic and essential hypertension 
than in normal subjects but the rises were not significantly different from those produced by 
pressure on the groins not involving the femoral artenes. I am inclined to think that the responses 
obtained by Jansen, Toms and Achelis were largely responses to painful stimuli , m animal 
experiments at least the response to such stimuli is not abolished by light narcosis 
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that any special significance attaches to these aberrant results The average 
rate of flow is much the same in each group, thus it is 4 5 c c per 100 c c 
forearm in 4 subjects with normal pressures, 4 4 c c m3 patients with chrome 
nephritis, 4 26 c c in a patient with malignant hypertension and 4 3 e c 
m 4 patients with essential hypertension 


TABLE I 

Shows the bloodflow through the forearm in c e per 100 e e per mtn in subjects with normal and 
raised blood pressures at rest under comparable environmental conditions 


Cose 

' 

Description 

1 

Ago and 

BOX 

Blood pressure 
mm Hg 

Boom 

temp 

°C 

Bath 

temp 

°C 

Forearm bloodflow 
c c per 100 c c 
per mm 

S 

D 

G 

Normal 

33 

M 

120 

88 

22 ! 

32 

3 2 to 42 

W.P 

Gastno ulcer 

36 

M 

126 

72 

21 

33 

3 1 to 5 5 

L 

Normal 

45 

M 

120 

00 

22 

32 

3 8 to 5 8 

AD 

Diabetes 

62 

F 

125 

86 

22 

32 

3 76 to 6 7 

LM 

Chronic nephritis 

26 

M 

175 

135 

22 

32 

2 5 to 7 3 

HB 

«» tt 

37 

F 

100 

105 

20 

32 

3 4 to 3 8 

MW 

tr 9t 

48 

F 

214 

II 

115 

20 

32 

3 3 to 6 5 

WF 

Malignant hypertension 

50 

M 

230 

155 

22 

32 

3 5 to 5 0 

K 8 

Essential hypertension 

40 

F 

170 

115 

22 

32 

6 5 to 6 8 

JC 

99 If 

41 

M 

180 

115 

20 

32 

1 7 to 3 0 

FH 

1 

99 99 

54 

F 

264 

130 

21 

32 

3 7 to 5 4 

HC 

1 

99 99 j 

58 

F 

1 

200 

130 

20 

32 

3 1 to 3 4 


These determinations show clearly that in the types of persistent 
hypertension here studied, the resistance to the flow of blood through the 
forearm vessels is increased They show further that the increase of peripheral 
resistance is such that, if generally distributed through the tissues of the 
body, it is sufficient to account for the raised arterial pressure , for in the 
forearm the effect of increased resistance balances almost exactly the effect 
of increased arterial pressure on the rate of bloodflow 

The measurements just described are measurements of bloodflow 
through muscle and skin, and it is conceivable that an increase in bloodflow 
through one of these tissues may be balanced by a decrease through the 
other This, however, is unlikely for Steele and Kirk (49) measuring skin 
temperatures at intervals throughout the day, found no material difference 
between normal subjects and patients with essential hypertension, and such 
has been my own experience in both nephritic and essential hypertension 













RESISTANCE IN HYPERTENSION 


213 


Again Ellis and Weiss (53) using Lewis and Hajnnl’s capsule found the 
capillary pressure m the skm over the sternum to be normal m essential 
hjpcrtension It is thus probable that the bloodflow through the skm is 
normal in persistent hypertension and therefore, by exclusion, through the 
mueelca uiso * 

Rcadiic hyperccrrua It seemed that some light might be thrown on 
the nature of the increased peripheral resistance by investigating the notion 
on forcnrm bloodflow of a dilator agent, and as such the dilatation which 
succeeds arrest of the circulation (reactive hyperamua) was chosen, as its 

TABLE n 

Shows the forearm bloodflow after varying periods of circulatory arrest The measurements mere 
made at the same sitting as those recorded in Table I which gives other relevant details of the 
observations 


Case 

Description 

Blood pressure 
ram Hg 

Forcnrm bloodfloir in c e per 100 c c per min 
after circulatory arrest lasting 

s 

D 

i min 

1 min 

2 min 

5 mm 

10 mm 

G 

1 Normal 

120 

88 


26 2 

48 3 

60 8 


W P 

Gnstno ulcer 

120 

72 

12 7 

10 4 

— 

24 0 

— 

L 

Normal 

120 

00 


16 8 

27 0 


37 5 to 40 0 

AD 

Diabetes 

126 

85 

11 7 

18 8 

— 

— 

36 5 

LM 

Chronic 

nephritis 

176 

135 

— 

10 6 

33 5 

37 0 

— 

HB 

.. 

160 


11 3 

21 0 

— 

37 5 

30 0 

MW 

» tr 

160 

106 


12 7 

20-0 

35 7 

38 5 


Malignant 

hypertension 

230 

165 

102 

11 0 

— 

3 13 

39 5 

KS 

Essentinl 

hvpertcnsion 

176 

115 

17 8 

23 7 

— 

48 7 

62 5 

J c 

» » 

180 

115 


16 4 



45-0 

F.H. 

1 

» ft 

264 

130 

13 6 i 

i 

22 5 

__ 1 

45 0 

52-0 

HC | 

1 

*» It 

200 

130 

_ i 

i 

118 

14 7 

34 3 

35 7 


mechanism has been fully investigated by Lewis and Grant (30) 
Determinations of the bloodflow through the forearm after varying periods 
of circulatory arrest were accordingly made by Lewis and Grant’s technique 
at the same sitting as the determinations of resting bloodflow already 
described The circulation to the arm was arrested by inflating to 50 mm Hg 
above systolic pressure the cuff on the upper arm, and after the requisite 
interval of circulatory arrest the cuff pressure was abruptly reduced to 
CO mm Hg and the inflow curves recorded After removing this congesting 
pressure and allowing adequate time for recovery, the observation was 
repeated with a different period of arrest 
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The results of these observations are shown in Table II, the figures 
for two normal subjects being again taken from Lewis and Grant’s paper 
It will be seen that, like the resting bloodflow, the rates of bloodfiow through 
the forearm after periods of circulatory arrest lasting 4 to 10 minutes are 
essentially the same in the subjects with raised and those with normal 
pressures This similarity extends also to other details of the response 
Thus if the am of a normal subject and that of a subject with nephritic 
or essential hypertension are immersed in a bath of water at 32° and the 
circulation to both arrested for 6 or 10 minutes and released, the reactive 
flush is similar m intensity and in duration m the two arms These results 
are of interest from many points of view Thus Lewis and Grant concluded 
that reactive liyperromia was due to the direct dilator action on the minute 
vessels of substances released locally from active tissues and normally washed 
away by the blood stream If the release of thesd substances were 
diminished, or if the vessels responded to them less vigorously, an increased 
peripheral resistance might be foreseen , but the normal response to 
circulatory arrest indicates that no such disturbance occurs m persistent 
hypertension, at least m the forearm Again the large increase m bloodflow 
that occurs m subjects with persistent hypertension after long periods of 
circulatory arrest indicates that the vessels are capable of considerable 
dilatation Lastly, the normal rate of bloodflow during reactive hypenemia 
suggests that the factor which raises the peripheral resistance in persistent 
hypertension is one that is Btable during circulatory arrest lasting up to 
10 minutes , for, if it disappeared dunng circulatory arrest, the unhampered 
effect of raised blood pressure would produce abnormally rapid rates of 
bloodflow 

The viscosity of the blood An increase in the frictional resistance to the 
flow of blood through the vessels might arise either from vasoconstriction 
or from increased viscosity of the blood In acute and chrome nephritis 
with hypertension Austrian (1) has Bhown that the viscosity of the blood 
is usually within the normal limits, or below m cases with considerable 
aneemia On the other hand Harris and McLoughhn (18) found that in 
40 coses of hypertension, selected at random and therefore presumably 
mainly oases of essential hypertension, the blood viscosity was raised In 
a small Benes of patients I have determined the viscosity of the blood by 
means of the rapid velocity viscometer described by Whittaker and Winton 
(64), who have shown that with this apparatus values for the apparent 
viscosity of the blood approximate more closely to the values obtained when 
the isolated limb is used as viscometer than do those with the slow velocity 
instrument of Hess 20 c c of blood were withdrawn from an arm vein 
into 0 2 co saturated potassium oxalate to prevent coagulation The 
blood was brought to 31° in a water bath and rapidly transferred to an 
inverted conical flask connected to a capillary tube 46 cm long and 1 08 mm 
internal diameter surrounded by a condenser maintained at 37° The rate 
of bloodflow through the tube, when a pressure of 100 mm Hg was thrown 
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into the conical flask, was determined and compared with the rate of flow 
of winter under similar conditions The results are shown m Tablo III 
From this table it may be seen that a patient with chronic nephritis and one 
with malignant hypertension were both moderately anaemic and had blood 
viscosities below the normal range The blood viscosities of the 7 patients 
with essential hypertension were within the lower normal range These 
results indicate that the increased resistance to the flow of blood through the 
\ essels in persistent hypertension is not due to increased blood viscosity 

TABLE III 


Shows the viscosity of the blood in subjects with normal and persistently raised blood pressure 


Cose 

Diagnosis 

Age and 
Sex 

Blood pressure 
mm Hg 

Blood 

S 

D 

Hb % 

VlBCOSlt} 

S 11 

Tlirend worms 

14 

F 

130 

70 

88 

42 

AN 

Normal 

10 

M 

130 

70 

100 

4 8 

HT 

Healed acuto nephritis 

18 

F 

130 

80 

88 

50 

BB 

Subacute nephritis 

22 

M 

130 

80 

94 

47 

1 B 

Normal 

24 

M 

110 

84 

108 

51 

GP 

Normal 

31 

jr 

108 

74 

no 

50 

LM 

Chronic nephritis 

20 

M 

100 

140 

82 

37 

CV 

Malignant hypertension 

49 

F 

230 

145 

70 

3 45 

EB 

Essential hypertension 

51 

F 

174 


93 

42 

GC 

ft ft 

51 

M 

218 

135 

92 

39 

AB 

»* 99 

50 

F 

190 

110 

105 

40 

JJE 

99 99 

62 

Jr 

200 


— 

50 

EN 

99 99 

62 

F 

236 

135 

88 

47 

A P 

99 99 

63 

F 

205 

115 

102 

4 1 

n -\r 

9 ft 

70 

M 

170 

105 

88 

4 1 


The effect of removing laso-constnctor nenons xmpuhes on the hloodflow 

through the hand 

We have seen that there is good reason to suppose that persistent 
hypertension results from abnormal narrowing of the peripheral vessels 
which increases the frictional resistance offered to the flow of blood Such 
abnormal narrowing may conceivably arise in one of three ways, through the 
agency of the vasomotor nerves, through the agency of a circulating pressor 
substance, or through a local change in the vessels themselves The first 
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of these possibilities can be tested experimentally Thus if the abnormal 
vaso-constnction arises through the agency of the vasomotor nerves, removal 
of vasomotor nerve impulses from a part should result in a greater bloodflow 
through this part in subjects ■with high than m those with normal pressures , 
for, the abnormal factor now being removed and the vessels of normal and 
abnormal hmb being reduced to the same state, the bloodflow will be 
dependent entirely on the arterial pressure On the other hand if the blood- 
flow through a part, whose vessels are freed from the influence of the nervous 
system, is no greater in subjects with high than m those with normal 
pressures, it may be inferred that the abnormal factor narrowing the vessels 
in hypertension is still present and is not nervous in origin 

It seemed, therefore, that the vasomotor nervous hypothesis of the 
mechamsm of hypertension could be put to the test in the upper limb The 
choice lay between two methods, namely, that of Hewlett and Van 
Zwaluwenberg already described for measuring forearm bloodflow, and 
Stewart’s method of calorimetry applied to the hand (60) Stewart’s 
method measures the rate of heat elimination, which is governed by the rate 
of bloodflow through the cutaneous vessels, of the hand , it does not give an 
absolute measure of bloodflow beoause the blood in passing through the hand 
is not cooled to calorimeter temperature, as Stewart supposed, but to a slightly 
higher pomt (17) But, since we are here concerned with a comparison, this 
consideration is unimportant The method lias the advantage of giving 
very consistent results if simple precautions are taken , it has the further 
advantage of giving an index of bloodflow through the skin of the hand, 
from which vasoconstrictor nervous impulses can be removed by the simple 
procedure of raising body temperature (31) The chief nerves supplying 
the hand are also readily anaesthetised Hewlett and Van Zwaluwenberg’s 
method has the advantage of giving an absolute measurement of bloodflow , 
rapid flows can be accurately measured when the part is relatively empty 
of blood, as in the hmb immediately after release of its circulation , but when 
the hmb is initially full of blood, as it would be m the circumstances of the 
proposed experiments, those who have used the method are agreed that its 
accuracy is questionable Another objection is the difficulty of removing 
the influence of the nervous system from vessels supplying the muscles, 
of which the forearm largely consists, for the evidence available indicates 
that this cannot be accomplished by warming the body, and the mam 
nerves are relatively inaccessible to ansesthetisation For these reasons I 
decided to use Stewart’s method for measuring the beat elimination from 
the hand, its cutaneous vessels being freed from the influence of vaso- 
constrictor nervous impulses by warming the body The procedure was 
as follows — 

Method The observations were earned out in a small quiet room at 
21° to 24°0 The subject lay warmly olad on a couch, the head and 
shoulders being raised The blood pressure was measured after the subject 
had been quiet for 10 or 16 minutes One hand was placed in water at 
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80°C for 16 minutes and then immersed precisely to the level of the distal 
carpal bones in a Stewart’s calorimeter containing 3 litres of water at 30 °C 
and closed by a lid of spongy rubber perforated to fit the wnst The 
calorimeter was stirred at a rate of 90 strokes per minute by a device operated 
by hand and its temperature read at minute intervals from a mercury 
thermometer graduated m 1/100°C A few minutes after immersing the 
hand m the calorimeter, the other arm was immersed in a bath containing 
stirred water at 44 °C , to raise body temperature Readings of calorimeter 
temperature were continued until it reached 32° when the hand was removed 
and, the other arm still being immersed m hot water, the mouth temperature 
and blood pressure were measured The volume of the hand immersed in 
the calorimeter was then measured, and the rate of cooling of the calorimeter 
determined The rate of heat elimination from the hand was calculated as 
follows Heat e limin ation in calories per minute = [Rate of rase of 
calorimeter temperature + rate of cooling of calorimeter (°C per mm )] X 
[Water content and water equivalent of calorimeter in c c ] 



24 26 28 30 32 34 36 38 40 42 44 46 48MIN 


Fig 1 C V , age 40 years, malignant hypertension Shows the heat elimination (m calories 
per min ) from the right hand (volume = 280 o o ) determined by Stewart’s method of 
calonmetiy aa described m the test The left forearm was immersed in water at 44° at the 
20th minute The heat elimination nses to a maximum value, which is maintained from * 
the 35th minute onwards The calorimeter temperature initially 30 5 e C , reached 31°C 
at the 30th minute and wbb 32° at the 50th The systolic and diastoho blood pressures 
were respectively 256 and 154 mm Hg at the beginning, and 230 and 145 mm Hg at the end 
of the observation The mouth temperature was 37 6° at the 61st minute 

Results The changes m heat elimination during the course of such an 
experiment are illustrated by Rig 1, which summarises an observation on a 
patient suffering from malignant hypertension and which is representative 
of the events m subjects with normal and raised pressures In all subjeots 
a few or several minutes after unmersmg the opposite arm m hot water the 
rate of heat elimination rose, gradually attaining a maximum value at which 
it remained with minor fluctuations till the experiment was terminated 
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* 

The month temperature rose to between 37 6° and 38° and sweating 
ocourred m all subjects The systolic blood pressure usually fell about 10 mm 
Hgin normal and 20 mm Hg in hypertensive subjects during the course of 
the experiment , the falls m diastolio pressures were about half as great The 
small fall of blood pressure suggests that such part of the peripheral resistance 
which is of nervous origin is little altered in the body as a -whole when body 
temperature is raised, though, as will be made dear, it disappears from 
the skin of the hand Rem’s experiments (47) indicate that ohanges in 
vasomotor nervous tone in the skin in response to alterations in environ- 
mental temperature are balanced by opposite changes in the gut and perhaps 
m the muscles 

The rate of heat elimination under ordinary environmental conditions 
is unim portant, for it is very variable and is chiefly determined through the 
vasomotor nerves by the state of the body temperature (38) and does not 
reflect conditions in other vascular territories , it may be said, however, 
that the rates of heat elimination before immersion of the other arm in hot 
water were of the same order m normal and hypertensive subjects The 
maximum rate of heat elimination in response to warming the body should 
reflect the rate of bloodflow through the hand from the vessels of which 
vasomotor nervous tone has been completely removed By beginning with 
calorimeter temperatures of 30° to 30 6°, the stage of maximum heat 
elimination was always reached when the calorimeter had risen to 31° , 
the figures for the maximum heat elimination given m this paper represent 
the average rate per minute over the range of calorimeter temperatures 
31° to 32°C and are in this, as in other respects, strictly comparable in 
different subjects 

The method gives consistent results On separate occasions the 
maximum heat e limin ation usually differed by less than 5 per cent in a 
single subjeot provided that the blood pressure changed by less than 10 
mm Hg Thus the maximum heat elimination measured on different days 
in a normal subjeot was 370 and 362 calories per minute, in a patient with 
chrome nephritis 310 and 310 calories per minute, and in a patient with 
essential hypertension 261, 263 and 269 oalones per minute In Table IV 
are summarised measurements, by the method just described, of maximum 
heat elimination in 21 subjeots with normal blood pressure, 5 patients with 
chrome nephritis and hypertension, one patient with malignant hypertension, 
16 patients with essential hypertension, one patient believed to be a case of 
basophil adenoma of the pituitary (Cushing’s syndrome) and 3 of coarctation 
of the aorta 

In subjeots with normal blood pressures, the ma ximum heat elimination 
from the hand is influenced by two factors, namely, the size of the hand and 
age In order to allow for differences in the size of hands, the heat elimina- 
tions have been expressed in the last column of Table IV as calories per 
mm per o c of hand Expressed in this way, it will be seen that there is 
some variation in heat elimination in the four subjeots under 30 years old, 
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TABLE IV 

Shows the maximum rate of heat elimination from the hand, determined as described in the text 
over the range of calorimeter temperatures 31 to 32 °C , *n subjects with normal and persistently 
raised blood pressures 


Cose 

Description 

Age 

Sex 

Blood 

pressure 

H 

Max heat elimination 
from hand 

yflTMi 


cals 

per min 

cals per nun 
per c c hand 

s 

D 

HS 

Normal 

17 

M 

130 

80 

430 

457 

mm 

MW 

Synovitis 

22 

F 

124 

70 

290 

380 

St ism 

EB 

Normal 

24 

M 

110 

84 

450 

482 


OB 

Pyelitis 

26 

F 

126 

84 

260 

330 


GP 

Normal 

31 

M 

■MS 

74 

370 

375 


J S 

Gastritis 

31 

M 

124 

76 

425 

369 

■<! A m 

PR 

Normal 

34 

M 

114 

68 

400 

440 

StS-- ■ 

FB 


40 

F 

126 

84 

280 

362 

I 29 

FM 

Gastric ulcer 

44 


124 

85 

450 

320 

fHi r ii 

W.H. 


47 


115 

85 

440 

400 


A.H 


SI 


116 

68 

300 

350 


H.H. 

Hernia 

61 


116 

70 

375 

288 

iBi - 

AW 

Biliary cirrhosis 

62 


146 

86 

260 

333 

K 

RJV 

Cholecystitis 

54 


135 

86 

370 

437 

IwU 

JJBL 

Gastric ulcer 

56 

M 

144 

77 

470 

297 

dH* j "BmIH 

RD 


67 

F 

134 

88 

300 

350 

Aife iMWdi- 

D B 

Diabetes 

68 

F 

122 

80 

320 

262 

SBr -1 IBESI 

AM 

Carcinoma of stomach 

62 

M 

106 

84 

350 

147 


EB 

GastntiB 

62 

F 

126 

80 

360 

240 


AX) 

Diabetes 

63 

F 

126 

80 

290 

258 

0 89 

D 

Retinal thrombosis 

69 

F 

118 

85 

300 

248 

0 83 

LM 

Chrome nephritis 

26 

M 

214 


420 

337 

■m 

JC 


35 

M 

145 

108 

475 

547 


HR 


36 

M 

186 

EES 

500 

448 

KES 

HB 


37 

F 

164 

124 

275 

310 


M.W 

i» n 

48 

F 

176 


260 

313 

SlllS 

CV 

Malignant hypertension 

49 

F 

230 

145 

280 

273 

0 98 

K.8 

Essential hypertension 

40 

F 

186 

115 

250 

138 

— 

ND 


41 

F 

170 

100 

250 

277 

SIM 

J 0 


42 

M 

166 

116 

280 

271 

Up a 

A.A 


46 

F 

255 

160 

300 

309 

SIM- 

M C 


47 

F 

205 

120 

270 

269 

Spfl- 

At 


49 

F 

216 

140 

375 

285 


GK 


49 

F 

200 

114 

320 

366 


AW 

*1 f 

49 

F 

2 28 

135 

350 

245 

Si s.- - 

J (x 


49 

M 

195 

124 

550 

281 

0 51 

F.H. 


54 

F 

278 

134 

350 

312 


HC 


58 

F 

185 

125 

375 

261 


M.W 


59 

F 

170 

100 

350 

341 

SIM 

EN 


62 

F 

236 

135 

290 

200 

SIM ■ 

FE 

»» 

66 

F 

216 

100 

250 

269 

KBi 

FB 

Cushing’s syndrome 

44 

F 

174 

110 

325 

304 

0 94 

EB 

Coarctation of aorta 

21 

M 

163 

B39 

450 

442 

1-0 

CD 


39 

M 

212 

mm 

400 

360 

0 90 

CB 

1 

58 

M 

160 

89 

500 

350 

0 70 
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those with small hands having a larger heat elimination per o c hand than 
those with large hands It is probable, from these results and from theoretical 
considerations, that it would have been more accurate to express the results 
in calones per sq cm of surface area of the hand A sufficient number of 
subjects uith hands of comparable size and of comparable ages has been 
examined to make this omission unimportant 

The influence of age is shown in Fig 2 where the maximum heat elimina- 
tion, in calones per mm per c c of hand, is plotted against the age of subjects 
Tilth normal blood pressure In young normal subjects the heat elimination 



Age in Years 


Fig 2 Shows the relationship between the ronvnnum heat cbmination, in calones per minute 
per c c hand and tho ago of subjects with normal blood pressures 

vanes from 1 0 to 1 3 calones per c c per minute and although this rate is 
maintained in some normal subjects up to the age of 58 years, yet there is a 
tendency for heat elimination to fall gradually as age advances This 
tendency is more pronounced in men than m women and particularly m those 
who use their hands for heavy work Reduced heat elimination is often 
associated with signs of sclerosis of the radial and brachial arteries and may 
be attributed to structural changes in the vessels of the hand which reduce 
the size of the vascular bed under conditions of vasodilatation , contemporary 
observations m this laboratory indicate that sclerotic changes are frequent 
m the digital arteries over the age of 80 and that mtimal thickemng and 
medial fibrosis progress irregularly as age advances These sclerotic changes 
seem to have nothing to do with high blood pressure and appear to be 
largely a function of age and perhaps of injury, to which the vessels of the 
hand, owing to their exposed situation, are particularly prone ^ 

The extent of the variations m the maximum rate of heat elimination 
from the hand in subjects with normal blood pressures presents a difficulty 
m interpreting the significance of the measurements in patients with raise 
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blood pressures Nevertheless it may be seen from Fig 3, which compares 
the two senes, that the rate of heat elimination is no higher in subjects with 
persistently raised pressures than m normal subjects of similar age In 
general it may be said that m coarctation of the aorta, chrome nephritis 
with hypertension and essential hypertension the maximum rate of heat 
elimination tends to fall within or just below the lower normal range The 
same appears to be true of the single cases of malignant hypertension and of 
Cushing’s syndrome, which are shown m Table IV but not m Fig 3 Thus 
it seems that when vasomotor nervous tone is completely relaxed from the 
vessels of the hand its bloodflow is not greater m subjects with persistently 
high than in subjects with normal pressures This conclusion assumes that 
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Fig 3 Shows the relationship between the maximum heat elimination, m calories per minute 
per o c hand, and age of subjects with normal and persistently raised blood pressures 


heat elimination is a reliable mdex of the rate of bloodflow m the hand, 
and that raising body temperature completely removes vasoconstrictor 
impulses from the vessels of the hand, before discussing it further, 
evidence for these two assumptions must be given 

The temperature of the venous blood leaving the hand Since the heat 
elimination from the hand is determined by the rate of bloodflow and by the 
heat loss per o c of blood, it is to be anticipated that if m spite of similar 
heat eliminations the bloodflow were greater m hypertensive than in normal 
subjects, the venous blood leaving the hand could be warmer in the former 
than in the latter , we may assume the temperature of the arterial blood 
to be the same m the two instances for the mouth temperature showed the 
same range of variation, namely 37 5 to 38°C at the end of the experiment, 
m both types of mcLmdufl In a small senes of subjects the temperature of 
the venous blood leaving the hand was measured during the determination 
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of maximum heat elimination by introducing a needle thermocouple (17) 
into a large vein on the back of the -wrist, so that the point lay about 1 cm 
proximal to the line of immersion of the hand, the flow through the vein 
being unobstructed Table Y shows the temperature of the venous blood 
recorded at calorimeter temperatures of 31° and 32°C 

TABLE V 


Shows the temperature oj the venous blood leaving the skin of the hand during the determination of 
maximum heal elimination over the range of calorimeter temperature 31 to 32° C The 
venous temperatures correspond to calorimeter temperatures of 31° and 32“ 0 


Cose 

Description 

Blood 

pressure 

Hand 

\ol 

Maximum heat 
elimination 

Venous 

temperature °C 



Cals per 
nun 

Cals per min 
per c c hand 

Cal at 
31° 

Cal at 
32° 



s 

D 


OP 

Normal 

1 

108 

74 

370 

370 

101 

33 3 

34 0 

GP 

Normal 

1 

110 

75 

370 

302 

0 08 

33 0 

34 0 

EB 

Normal 

lie 

84 

450 j 

482 

108 

32 0 

33 7 

LM 

Chrome 

nephritis 

130 

103 

420 

248 

0 50 

312 

32-4 

HB 

tf 

174 

110 

275 

310 

1 14 

32 0 

34 0 

MO 

Essential 

hypertension 

100 

108 

270 

248 

0 02 

32 7 

33 0 

OK 


108 

115 

320 

302 

1 14 

33 2 

34 5 

AW 

»» 

228 

135 

350 

245 

0 70 

33 0 

33 0 

JE 

»» 

100 

100 

370 

258 

0 70 

32 3 

32 8 

CD 

Coarctation 
of aorta 

212 

115 

400 

300 

0 00 

332 

33 0 


It will be seen that the venous blood temperature is not higher m 
subjects with raised than m those with normal pressures, confirming the 
view that the rate of bloodflow through the hand of the hot subject is not 
increased in persistent hypertension In general the higher venous blood 
temperatures are associated with the larger rates of heat elimination per c c 
of hand, and the lower temperatures with the smaller rates of heat elimination 
This association suggests that the blood is cooled more efficiently when it 
flows slowly than when it flows rapidly through the hand, a suggestion 
entirely in harmony with theoretical considerations It is thus likely that 
the relationship between bloodflow and heat elimination is not strictly linear, 
the heat elimination tending to underestimate large as compared with small 
bloodflows 

The effect of ancesthetmng the ulnar nerve In previous papers evidence 
has been provided to show that m normal and certain diseased subjeots 
war min g the body completely removes constrictor nervous tone from the 
vessels of the hand, though not always from those of the feet (31, 40) It 
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seemed possible, however, that if the abnormal factor narrowing the vessels 
m hypertension were nervous in origin then this fraction of vasomotor 
nervous tone might be stable and unaffected by warming the body The 
assumption that warming the body completely inhibits vasoconstrictor 
nervous impulses to the vessels of the hand m both normal and hypertensive 
subjects was therefore tested by comparing the heat eli mina tion m response 
to warming the body, before and after anaesthetising the ulnar nerve with 
novocame at the elbow For if warming the body does not completely 
abolish vasoconstrictor impulses, interrupting the nerve supply to a large 
part of the hand should increase heat elimination The results are 

TABLE VI 


Compares the maximum heat elimination from the hand in response to warming the body with and 
without local anaesthesia of the ulnar nerve at the elbow 


Case 

Description 


Sex 


Wanning body 

Warming body and 
ulnar anaesthesia 

Blc 

pres 

nun 

tod 

sure 1 
Hg 

Max heat 
elimination, 
cals per nun 


1 

Max heat 
elimination. 

s 

D 

S 

D 


PR 

Normal 

34 

M 

400 

114 

68 

439 

122 

74 

437 

FB 

Gastritis 

62 

F 

360 

124 

80 

246 

112 

74 

232 

LM 

Chromo 

26 

M 

420 

214 

145 

337 

164 

120 

290 


nephritis 




136 

103 

248 




K.S 

Essential 

40 

F 

260 

186 

116 

136 

162 

106 

124 


hypertension 










MC 

»» 

47 

F 

270 

216 

124 

269 

194 

116 

268 






190 

116 

267 




AW 

*» 

49 

F 

360 

228 

136 

246 

236 

136 

238 


summarised m Table VI In the two subjects with normal blood pressures 
the maximum heat eliminations were 1 per cent and 6 per cent less when the 
ulnar nerve was anaesthetised than when it was not In the subject with 
chrome nephritis the results are complicated by the effects of alterations in 
blood pressure shortly to be discussed , it may be noted, however, that the 
values for maximum heat elimination and blood pressure after ulnar 
anaesthetisation were intermediate between the corresponding values 
obtained without ulnar anaesthetisation In the three subjects with essential 
hypertension the maximum heat eliminations with ulnar anaesthesia were 
respectively 10 per cent , 0 per cent and 2 per cent less than those without 
anaesthesia These results Bhow conclusively that m subjects with normal 
and raised blood pressures wanning the body as here described is s uffi cient 
completely to remove vasoconstrictor impulses from the cutameous vessels 
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of the hand The general tendency for the heat elimination to be less when 
the ulnar nerve is antesthetised than when it is not is consistent with the 
view previously expressed that the cutaneous vessels of the hand are also 
influenced by vasodilator impulses whioh come into play when body 
temperature is raised (31) , the small size of the difference, particularly 
m view of the tendency for the blood pressure to he lower after nerve 
anassthetisation, shows that these vasodilator impulses are ordinarily 
unimportant 

The effect on maximum heat elimination of variations tn the arterial 
pressure The effect on maximum heat e limin ation of increase in blood 
pressure, the vessels of the hand remaining unchanged, was deliberately 
tested m a patient having a large arteriovenous fistula of a common femoral 
artery previously investigated and described by Lewis and Drury (29) 



80 ON OFF ON OFF ON OFF 


26 27 ?8 29 30 31 32 33 34 35 36 37 38 39 40 41 44- 45 46 47 48 49 5Q MIN. 

Fig 4 AD, age 46 years, arteriovenous fistula of nght femoral vessels of 18 years duration 
The nght forearm was immersed in water at 44® throughout the observation The maximum 
heat elimination from the loft hand (in calories per minute) and the systolic (8JB-P ) and 
diastolic (DBF) ortencl pressures are shown At “ on ” the nght femoral artery was 
obliterated by digital pressure, thus cutting the fistula out of the circulation , at *' off ’’ 
the artery was released 

Lewis and Drary showed that m this patient compressing the artery proximal 
to the fistula produced a considerable rise of blood pressure and increase in 
bloodflow to the limb , in the circumstances of their experiments it was 
possible, however, that the rise of blood pressure produced an increase in 
bloodflow indirectly through the vasomotor nerves activated by stimulation 
of the carotid emus and depressor mechanisms If, however, vasomotor 
nervous tone were previously abolished from the vessels of the hand by 
raising body temperature, any increase in hpat elimination that resulted 
from compressing the aneurysm would be due to a passive effeot of raised 
artenal pressure on the bloodflow through the hand The observation was 
therefore repeated under these conditions, the heat elimination being 
determined from one hand, the other forearm bemg immersed in hot water 
to raise body temperature The results are shown in Fig 4, in whioh the 
heat elimination from the hand is averaged for periods eaoh of three minutes 
Tn the first, third and fifth of these periods, the patient was undisturbed 
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and the gradual decline of heat elimination as calorimeter approaohed 
nearer to blood temperature may be noted Throughout the second and 
fourth periods the arteriovenous fistula was out out of the circulation by 
compressing digitally the femoral artery proximal to the lesion , it will be 
seen that in both of these periods the heat e limin ation was considerably 
greater than during the preceding and succeeding periods when the fistula 
was open After the fifth period m the chart, the hand was removed from 
the calorimeter and the blood pressure determined before, dunng and after 
excluding the aneurysm for 3 minutes, the other conditions remaining 
unchanged To sum up this observation we may say that the maximal 
heat elimination averaged 446 calories per minute under conditions when 
systolic and diastolic blood pressures averaged 143 and 65 mm Hg, and 
503 calories per minute when the pressures averaged 147 and 70 mm Hg 

The effects of considerable variations m blood pressure on the maximum 
heat elimination were also observed by chance in the patient L M suffering 
from chrome nephritis who was alluded to when the effects of ulnar 
anaisthesia were considered In L M injection of novocaine around the 
ulnar nerve, and as a subcutaneous button preparatory to introducing the 
intravenous needle thermocouple, produced on each occasion a sensation of 
faintness and a fall of blood pressure lasting over an hour , determinations 
of maximum heat elimination were made dunng the penod of low blood 
pressure (Tables V and VI) Before and several hours after novocaine 
injection the blood pressure was at its usual high level for this subject 
Cotton and Lewis’s observations (6) suggest that in fainting the fall of blood 
pressure is due to vagal effects on the heart and to changes m vascular tone 
of nervous origin, and it is probable from the circumstances in which it 
developed that the fall of blood pressure produced m LM by novocaine 
injection was of similar origin It is to be anticipated, therefore, that in the 
determinations of maximum heat elimination on this subject the vessels of 
the hand, freed from the influence of the nervous system by warming the 
body, were m the same Btate when the blood pressure was high and when it 
was low and that the changes m heat elimination were the passive effects 
of the alterations in blood pressure This is supported by Fig 6 which 
shows the relationship between the heat elimination and the diastolic pressure 
m L 51 and in the patient with arteriovenous fistula already described , 
for it will be seen that equal increments of diastolic arterial pressure are 
associated with rather s imila r increments of heat elimination in the two 
subjects 

This figure indicates the order of change in heat e limin ation that may be 
expected from simple variation in arterial pressure In the patient with 
arteriovenous fistula the maximum heat e limin ation was within the normal 
limits at 1 18 calories per c c per min ute when the arterial pressure was at 
its usual level A rise of 15 mm Hg m diastolic pressure raised the heat 
elimination to 1 33 calories per c c per minute, a value a little greater than 
has been found in any other subject It is evident, therefore, that if the 
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vascular narrowing m the hand were purely nervous m origin in hypertension, 
then we might anticipate finding abnormally high heat elimination In 
the case of chrome nephritis when the diastolic pressure had fallen to 100 
mm Hg the bloodflow through the hand, from which vasoconstrictor tone 
had been removed, was only about half as great as in comparable normal 
subjects, for the maximum heat elimination was only 0 69 calories per c c 
per minute, the normal range at this ago being 1 to 1 3 Since the resistance 
offered by the vessels is measured by the ratio between blood pressure and 
bloodflow, it may be said that m the hand of L M the vascular resistance of non- 
nervous origin was at least twice as great as in comparable normal subjects 
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Fig 6 Shows tlio relationship between maximum heat elimination, in calones per minute per 
o e hand, and diastolic arterial pressure in tlio patient with arteno venous fistula (circles) 
(see Fig 4) and m Lit, age 20, suffering from chrome nephritis (discs) In the case of 
L M tlio upper nglit point summarises a determination of maximum heat elimination made 
in the ordinary way on 17 6 35, tho middlo point n determination nfter nnnssthetising the 
ulnar nerve on 1 6 36, and tho loner left point a determination nfter introducing n needle 
thermocouple into a vein at tho wnst on 4 0 36 


Discussion of results Having now gamed some idea of the reliability 
and significance of the determinations of maximum heat elimination from 
the hand, we may return to discuss the inferences winch may be drawn from 
the results m patients with persistent hypertension There can now be no 
reasonable doubt that in all the types of persistent hypertension here investi- 
gated, the vessels of the hand continue to present an abnormally high 
resistance to the flow of blood after they have been freed from the influence 
of the nervous system This narrowing of the vessels of non -nervous origin 
in persistent hypertension is sufficient to balance or slightly to outweigh 
the effect of raised blood pressure on bloodflow , it is therefore of an or “f r 
such that if affecting the vessels generally it would by itself account for e 
rise of arterial pressure found The evidence here presented is thus not o y 
entirely consistent with, but seems to provide definite evidence for, the view 
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that the abnormal agent narrowing the vessels m hypertension is not nervous 
m origin 

Although there is vascular narrowing of non-nervous origin in the 
hand in hypertension, it might be considered as an effect rather than the 
cause of raised blood pressure , to be more specific, the vascular narrowing 
might be regarded as an accentuation, due to long continued high blood 
pressure, of the presumably sclerotic changes which occur in subjects with 
normal blood pressure as they grow old In chrome nephritis the relative 
youth of the patients is strongly against this alternative explanation 
Moreover, there is no relationship in chrome nephritis between the duration 
of hypertension and the extent of vascular narrowing As indicated by the 
relationship between diastolic pressure and heat elimination, the vascular 
narrowing was of greater extent in H B , aged 36, in whom the duration of 
hypertension was known to be less than 1 year, than m M W , aged 48, in 
whom hypertension was known to have been present for at least 8 years 
Again, L M was observed continuously over 7 months when the systolic 
and diastolic blood pressures remained ordinarily over 190 and 140 mm Hg, 
the heat eliminations from the hand were, for equal blood pressures, 
similar at the beginning and end of this period In chrome nephritis 
therefore the evidence indicates that the reduction m calibre of the 
vessels of the hand is not an effect of hypertension, but probably 
represents its cause 

In essential hypertension we are on less certam ground because these 
patients have reached ages at which changes occur m the vessels of the hand 
in normal subjects, and because in most cases the duration of the hypertension 
is unknown Nevertheless it is unlikely in these subjects that the degree 
of vascular narrowing can be explained as an effect of hypertension Thus 
m two patients (H C and EE) the heat elimination was unchanged after 
16 months If the vascular narrowing m the hand is an effect and not the 
cause of hypertension, then it should be possible to obtain early cases before 
the effect has developed Nine of the patients shown m Table IV and 
Fig 3 were under 60 years of age, but in none were the maximum 
heat eliminations above the normal range More conclusive are the 
following two cases which, havmg been seen at an unusually early age, 
are summarised separately m Table VTI The cases were briefly as 
follows — 

HJI , a clerk, aged 22 complained of palpitations and wind after heavy meals, and of 
occasional dizziness on climbing stairs His doctor found raised blood pressure The patient 
was of normal appearance except for highly coloured face and hands There were no physical 
signs of cardiac enlargement or of radial or retinal arteriosclerosis There were no signs of 
coarctation of the aorta The hemoglobin content of the blood was 102 per cent The 
unn© was normal 

C G t a butcher, aged 32, had repeated nose bleeding for 3 days and consulted his doctor 
who found tho systolic and diastolic blood pressures to be 180 and 110 mm. Hg, respectively 
The patient, who had no other complaints, was thick set and had unusually highly coloured 
face and hands Clinically, the heart was not enlarged and the radial and retinal arteries were 
normal There were no signs of coarctation of the aorta The unne was normal The 
hmmoglobin content of the blood was 06 per cent (Haldane scale) 
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TABLE VH 


Shows the maximum heat elimination estimated tn the preceding two patients, with the blood pressure 
before ana after warming the body 






Blood pressure 



Hand 

Max heat elimination 

Caso 

Ago 

Sex 






cals per 
min 

cals per mm 
per c c hand 

Beginning ! 

| End 

c c 

HM 

22 

M 

| 16G 

105 

104 


0G 

600 

410 

0 83 

CG 

32 

M 

155 

1 

100 

148 


00 

420 

377 

0 00 


In both these patients, despite their early age and the complete absence 
of any signs of vascular sclerosis, the maximum heat elimination was at or 
below the lower limit of the normal range In their case it can only be 
supposed that the increased vascular resistance in the hand represents the 
effect of the non-nervous agent responsible for the hypertension 

In so far as it is possible to apply to the circulation as a whole conclusions 
drawn from one vascular area, these results strongly suggest that in chrome 
nephritis and essential hypertension probably also m malignant hypertension 
and coarctation of the aorta, high blood pressure is due to vasoconstriction 
of non-nervous origin It is, however, to be pointed out that the investigation 
of other vascular territories is desirable 

The part played by the vasomotor neries in hypertension 

It is generally agreed that in chronic nephritis the hypertension is 
chemical and not nervous in origin , for m this condition it is probable on 
clinical (51) and expenmental grounds (11) that the high blood pressure is 
secondary to the renal lesion, and Page (36, 37) has recently produced evidence 
to show that the renal nerves play no essential part in its production 
Essential hypertension is generally considered to be of different origin, and 
although Volhard (61) considers that it may result from a local abnormahty 
of the vessels, it ib usually ascribed to overaction of the vasoconstrictor 
nerves In the case of chrome nephritis, therefore, the results obtained 
here agree with current views, hut m essential hypertension they differ, 
and the evidence for overaction of the vasomotor nerves in this condition 
must be considered 

The evidence for the nervous theory of essential hypertension is merely 
that the behaviour of the blood pressure is m many respects compatible with 
such an origin In the first place, Kylin (27) has stressed the abnormal 
variability of the blood pressure in this condition and supporting data will 
be found m Mueller and Brown’s (33) paper This abnormal variability 
provides no real evidence for the nervous theory even if we grant, what is 
not proved, that these changes m blood pressure are due to changes in vascular 
tone of nervous origin The responses of the blood pressure to pressor and 
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depressor chemical agents such as adrenaline and histamine is approximately 
proportional to the subject’s initial level of blood pressure (12, 41, 42), 
and it is not at all clear, when this allowance is made, that the spontaneous 
variation m essential hypertension is abnormally great In the second place 
Hines and Brown (23) suppose that the unusually great rise of blood pressure 
produced by a cold stimulus m patients with essential hypertension indicates 
a hyper-reactive vasomotor centre , in a previous paper it has been pointed 
out that an unusually large response to a cold stimulus is neither invariable 
in, nor peculiar to, patients with raised blood pressure (41) Finally 



Fig 6 M"W , chronic nephritis aged 48 years 1 3 mg atropine sulphate was injected intra 
venously 2 minutes before the observation, the pulse rate previously being 76 beats per 
minute The figure shows the effect on Bystohc blood pressure (S BJ ) and pulse rate (P.R ) 
of firm digital pressure on the right carotid sinus for 1J minutes 


the argument is used that section of the splanchnic nerves and removal of the 
lumbar sympathetic chains produces a fall m blood pressure and amelioration 
of symptoms in essential and malignant hypertension (6) , the significance 
of such falls of blood pressure as occur is in doubt until we know the effects 
of similar operations in subjects with normal blood pressures 

All that is indicated by such evidence is that the vasomotor nerves remain 
active m hypertension Of this we have further knowledge Henng (20) 
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has pointed out that the large fall of blood pressure produced m nephritic 
and essential hypertension by compressing the carotid smus, represents a 
corresponding decrease of vasomotor nervous tone , this conclusion is more 
legitimate if the effect on the heart is first eliminated by atropine (Fig 6) 
The falls of blood pressure produced m a patient -with chrome nephritis by 
novocaine injection, have been attributed to changes m vasomotor nervous 
tone and cardiac output (page 226) 

There is thus little doubt that vasoconstriction of nervous origin does 
constitute a considerable fraction of the peripheral resistance in persistent 
hypertension, as it does m normal subjects , the contention here is that it 
does not constitute the abnormal factor responsible for the raised arterial 
pressure This view is m harmony with the conclusion previously reached 
that m nephritic and essential hypertension the carotid smus mechanism 
remains active (42) , for this mechanism, according to recent work from 
Heyman’s laboratory (2), acts as an inhibitor of sympathetic vasoconstrictor 
activity 

The nature of the abnormal agent in persistent hypertension 

The chief importance of the observations described here is that by 
providing evidence against the nervous theory they narrow the field of 
enquiry as to the nature of the abnormal agent m persistent hypertension 
On this basis we may consider briefly the possible mechanism of persistent 
hypertension m the various morbid states m v Inch it ocours 

In coarctation of the aorta, the blood pressure is raised m the nrm and 
normal in the leg, the bloodflow being normal in both extremities as Lewis’s 
Tables show (28) The raised peripheral resistance m the upper part of the 
body, which is to be inferred from the association of normal bloodflow with 
hypertension, must therefore be due to an agent u Inch does not affect the 
lower half A chemical abnormality of the blood is clearly out of the question 
and it was anticipated m this condition that the vascular narrowing would 
be found to be of nervous origin, although no appropriate reflex nervous 
mechanism is known which would produce increased vascular tone restricted 
to the upper half of the body The experiments here described are opposed 
to the nervous hypothesis, and by exclusion we must attribute vascular 
narrowing in the upper limb to a local change in its vessels Coarctation 
of the aorta is a congenital affection, the chief features of which are the 
arrangements securing a supply of blood m apparently normal quantity 
to the body below the aortic obstruction , these arrangements are firstly 
the enlargement of collateral vessels connecting the aorta above and below 
the obstruction, and secondly narrowing of the vessels supplying the tissues 
above the obstruction aB exemplified by the upper limb The development 
of collateral vessels appears to be determined by local conditions of blood 
supply and demand and to be independent of the nervous system (13, 34) , 
if such an explanation is found sufficient for this aspect of coarctation, it 
does not seem unreasonable to apply it also to the vascular narrowing m the 
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upper limb A suggestion that the vnscular narrowing m the upper limb 
m coarctation represents something in the nature of lessened growth rather 
than of e\cessi\ e contraction anses from the observations of Graybiel, Allen 
and White (15) who found no muscular hypertrophy in the small arteries 
of the upper limb in this condition, m contrast to the hypertrophy v Inch has 
been described in the conditions next to bo discussed 

Chronic neplintis and essential hypertension are clinically distinct 
conditions , malignant hypertension occupies an intermediate position 
and is variously thought to be a form of chronic nephritis (48) and of essential 
hypertension (51) It is clear that hypertension may result from different 
agents in these several conditions, but with tlus reservation they may be 
discussed together here since they have many features m common * In 
all three conditions the small arteries of kidney, spleen, pancreas and brain 
usually show thickening of their inner coats w hich vanes in severity (and in 
histological type in the kidney) m the several conditions (7, 9, 10, 62) 
Although such changes must increase the resistance which the affected 
vessels offer to the flow of blood, it is generally agreed that they are not the 
direct cause of hypertension since they r are usually absent m the large 
vascular temtones of gut, muscle and skin, and even in the kidney, their 
commonest site, they may be minimal in certain cases of essential hyper- 
tension (9) and absent in chronic nephritis with hypertension (e g , Case 4 
of Branch and lander (4) ) Histological constitutes the strongest evidence 
that hypertension is not the simple consequence of structural changes in the 
vessels , in agreement are the sizes of the depressor response to histamme (42) 
and of the vasodilatation after circulatory arrest, both of which indicate the 
abihty of the vessels to dilate in hypertension Another structural change 
is said to occur m the smaller arteries m these diseases, namely, hypertrophy 
of the middle muscular coat ,f unlike the lntunal, the medial change appears 
to be diffusely distributed m the body (8), and recent observations indicate 
that it corresponds approximately in degree with the height of the diastolic 


* Alleged differences in response between these two forms of hypertension to small quantities 
of adrenaline and to stimulation of the carotid sinus mechanism have been examined in previous 
papers and unconfirmed (41, 45) Baab (40) alleged that patients suffering from essential 
hypertension respond with a large fall of blood pressure to overbreathing, while patients with 
nephritic hypertension do not neither Roab's own results, those of Froger and Ayman (46), 
nor those which Dr Kiss in and I obtained m 8 subjects with essential hypertension and 6 subjects 
with chronic nephritis support this view depressor responses being found irregularly amongst 
both clinical types (unpublished observations) The only difference which I have observed 
between the hvpertcnBion m patients suffering from essential hvpertension and those suffering 
from chronic nephritis, has been the high systolic relative to the diastolic pressure in the former 
It may be suggested that this difference is due to a difference in the degree of sclerosis of the largo 
vessels in the two tvpes of hypertension consequent on their different age incidence , a similar 
rise of systolic relative to diastolic pressure mav be seen m elderl} subjects with normal blood 
pressures (sec Table I of previous paper (42)) 

t Although histologists generally are agreed on this point their evidence cannot be accepted 
without question Thickening of the vascular wall relative to the lumen might occur not onlv 
from hypertrophy but from vaso -constriction As we have seen there lseverv reason to suppose 
that the arteries m hypertensive subjects ore abnormally constricted during life , if they remain 
so after death, vessels with a given internal diameter would actually represent larger vessels in 
hypertensive than in normal subjects 
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pressure (25) This muscular hypertrophy may be explained on conventional 
lines as a response to increased work, the smaller arteries m these forms of 
hypertension being ordinarily contracted more strongly than in normal 
subjects The evidence supplied in this paper suggests that this abnormal 
contraction is not nervous m origin , it is therefore presumably chemical 

In a recent paper (39) it has been shown that introduction of as much 
as GOO c c blood from patients with essential hypertension into other human 
subjects produces no greater rise of blood pressure than does a similar 
quantity of normal blood , it therefore seems unlikely that essential hyper- 
tension results from an abnormal blood content of vaso-active bodies In 
nephritic and malignant hypertension no abnormal pressor or depressor 
substance has yet been demonstrated m the blood, but the methods used are 
more open to criticism (see previous paper (39)) While we cannot on negative 
evidence alone finally exclude an abnormality of the circulating blood, it 
seems possible that m these conditions high blood pressure results from some 
local abnormality of the vessels themselves or of the tissues surrounding them 
If a local vascular change underlies hypertension, it is probably one that is 
yet unrecognised or imperfectly understood, such as the local excess of a 
constrictor or deficiency of a dilator substance It is also possible that the 
actual agent producing vasoconstriction may differ m the various clinical 
conditions 

Any comprehensive theory of the mechamsm of essential, malignant, 
and chrome nephritic hypertension must account not only for the raised 
pressure but for the mtimal lesions m the smaller artenes The generally 
accepted view that such lesions are due to damage of the vessels by the 
abnormally high pressure is scarcely justified, for as Henng (21) and Fahr (8) 
have pointed out this view fails to explain why these lesions are confined to 
certain well defined vascular territories , it is also difficult to reconcile this 
view with the failure of similar lesions to develop m experimental animals m 
which the blood pressure has been raised over very long periods as a 
consequence of excision of the carotid sinus and depressor nerves (26, 34) 
It seems possible that the presumably chemical abnormality which leads to 
vasoconstriction in these conditions may also play some part in the genesis 
of the mtimal thickening in the smaller artenes which so often determines 
the course of the disease 


Strum ary 

1 Under similar environmental conditions the rate of bloodflow 
through the forearm is the same m subjects with essential hypertension, 
malignant hypertension, and chrome neplintis with hypertension as in sub- 
jects with normal blood pressures The resistance offered by the vessels 
of the forearm is increased m these conditions owing to vasoconstnction, 
the blood viscosity being normal or less than normal The increased vascular 
resistance is of an order such that, if generally distributed throughout the 
body, it would account for the levels of artenal pressure observed 
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2 After periods of circulatory arrest lasting up to 10 minutes, tbo rate 
of bloodflow through the forearm increases to the same extent in subjects 
with persistent hypertension as in normal subjects 

3 Using Stewart’s method of calorimetry, the rates of blood flow 
through the cutaneous vessels of the hands of normal and hypertensive 
subjects have been compared, after completely inhibiting vasoconstrictor 
nerve impulses to these vessels by warming the body It is shown that m 
these circumstances (a) the rate of bloodflow declines m subjects with normal 
blood pressures as ago advances, a decline attributed to sclerotic changes 
in the vessels of the hand , { b ) in tho various types of persistent hypertension 
the rate of bloodflow is never greater, but is sometimes less, than its value 
in normal subjects of similar age 

5 It is concluded therefore that m chrome nephritis and essential 
hypertension (and probably m the other types of persistent hypertension 
studied) the abnormal agent narrowing the vessels is not nervous Its 
probable nature m the several diseases is discussed 


Subsequent note 

Smce this paper was written, very similar work has been published 
by Prinzmetal and Wilson (43) on the distribution and nature of the 
increased resistance in persistent hypertension The methods they used 
are very similar to those here employed, except that when investigating 
the role of the vasomotor nerves, they measured the rate of bloodflow 
through the forearm plethysmographically when body temperature was 
raised by immersing the other arm m hot water and m some subjects when 
the upper dorsal sympathetic ganglia were injected with novocame In 
essential, malignant, and chrome nephritic hypertension they conclude 
that the abnormal agent narrowing the vessels is not nervous in origin , 
in these diseases therefore the similar conclusions reached by two sets of 
independent workers using different methods and investigating different 
vascular territories makes the case against the nervous hypothesis very 
strong In the case of coarctation of the aorta our conclusions differ, for 
Prinzmetal and Wilson conclude that m this condition the increased vascular 
resistance in the arm is nervous m origin The solution of this difference 
must be left for future work It may be said, however, that the interpreta- 
tion I have put on my own results is strictly relevant to the hand alone 
A laige part of the bloodflow through the hand is earned by the artenolo- 
venous anastomoses which, as Grant and Bland (14) have shown, are absent 
at birth , and it is possible that in this congenital affection the’ lessened 
vascular growth, which I have hinted may explam the high vascular resistance 
in the upper limb, is limited to these vessels It may be pointed out that 
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these remarks apply only to coarctation , they do not apply to essential, 
malignant, and chromo nephritic hypertension which are not congemtal 
It may also be said that although the unusually large bloodflows 
through the forearm, which Prinzmetal and Wilson found m coarctation 
when body temperature was raised, provide suggestive evidence for the 
nervous theory, the evidence is not final , for m coarctation circumstances 
did not permit them to anaesthetise the sympathetic gangha, a procedure 
winch m normal subjects and subjects with nephritic and essential 
hypertension produced bloodflows only half as great as those in response to 
warming the body 
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PAIN AS AN EARLY SYMPTOM OF ARTERIAL EMBOLISM AND 

ITS CAUSATION 


By THOMAS LEWIS * 

( From, the Department of Clinical Research, University College Hospital 

Medical School, London) 


The observations herein contained formed the basis of Memorial Lectures to 
Dr George Alexander Gibson, dehvcrtd in Edinburgh on June Sth and P/h 1030 


Preliminary considerations 

This paper is especially a stud} of the pam that is so frequent and so often 
distressing among the initial sj mptoms of embolism of mam arteries The 
pam has been attributed at least m large part, bj Welch (55), Odermatt (53), 
Danzis (15) and many others to the immediate and direct influence of the 
embolus upon the arterial nail That a clot, carried onwards until it jams 
where the artery narrows, causes pam either by its impact or by its stretching 
of the \essel wall is a view that I have never regarded favourably For 
since clot has a similar specific gravity to blood, the momentum of a clot 
cannot differ materially from that of an equal volume of this fluid , and smee 
clots detached from the heart are usually soft in consistency, and mould 
themsehes to the vessel m which they lodge, it is not verj evident why the 
vessel wall should become stretched verj appreciably When an artery is 
occluded by digital compression, the walls on the proximal side of the 
obstruction are thrown into a slightly greater average tension , but such 
occlusion neier gives rise to pam , and there is no evidence that even more 
considerable distension of the artery than can occur in these circumstances 
will cause pam 

Throughout the records of published cases of embolism of the limbs 
runs the repeated and definite inference, or the actual statement, that the 
instant of embolism is marked by the onset of pam Embolism is a sudden 
happening , the patient complams of pam that comes suddenly , and when 
examined, it matters not how soon afterwards, presents obvious signs that 
the circulation to the painful limb has been lost So the conclusion is 
reached that pam follows embobsm as it follows a blow, on the instant 
ramihantv with the records shows that there is insufficient evidence for 

* Work undertaken "with the aid of the Medical Itae*arch Council 
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this conclusion, which has never been brought beyond the stage of assumption 
No case has been recorded in which the pulse has been observed suddenly 
to vanish at the instant the patient cries out in pain , the argument is really 
circular, for while the pam is considered to be the immediate result of 
embolism, the timin g of that embohsm itself rehes on the onset of pam 
A fact which has probably contributed to the fallacy is that the patient 
often describes the first symptom as a sudden severe pam, for this would 
seem to require for its interpretation some sudden physical event Most 
if not all pains may be said to begin suddenly , what the patient really means 
is that the pam quickly becomes severe But when without expectation 
human bemgs are seized with pam, which grows to a serious culmination 
and lasts, they are exceedingly apt as time passes to forget all but the pam 
at the intensity that brings them misery The statements made by patients 
of the way m which pam begins are highly unreliable , these always require 
to be tested by critical interrogation and are most to be trusted when the 
event is repeated after the patient’s close attention has been drawn to the 
significant points The history of onset with sudden severe pam, though com- 
mon in embohsm, should not be allowed to carry great weight , probably it is 
often, possibly it is always, less accurate than the history of pam gradually 
increasing until it becomes severe, or of an onset with other symptoms 
Unless we are m a position actually to time the lodgment of the embolus, 
and this can very rarely be done, we cannot determine the interval elapsing 
between the embohsm and the symptoms to which it gives rise But, in 
the case of the limb, much of the relevant information can be obtamed 
accurately by deliberately arresting its circulation The symptoms so 
produced have been studied in detail by Pickering, Rothschild and myself 
from the standpomt of paralysis and from the standpomt of pam (51, 62) 
The relevant facts elicited may be stated briefly 

Firstly m regard to paralysis, this never begins at the moment the 
circulation is arrested, but only after an interval of about 15 minutes Here 
it is important to emphasise that we are discussing ischaemia of the limb 
Ischaemia of the spinal cord, resulting from occlusion of the aorta as high 
as the renal arteries, leads to paraplegia almost at once (Schtffer (54), Herter 
(49)), and not after the long delay required to paralyse the peripheral nerves 
Paralysis due to ischaemia of a limb starts at the very end of the limb in a 
defective sense of touch, which spreads up the limb and is followed later by 
R irmlar centripetal loss of other forms of sensation Loss of motor function 
shows a like march and is almost simultaneous with loss of touch sense The 
point requiring stress is that the development and spread of anaesthesia 
in an arm to the elbow, or in a leg to the knee, with the associated motor 
weakness, occurs only after the lapse of periods of the order of a half hour 
When a patient suffering from embolism is found to present anaesthesia 
of t his extent, it is quite certain that the embolus has occurred at least a 
half hour previously The fact is most relevant to many case histones of 
embohsm , for if a patient’s statement is to be accepted that, at the time 
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pain was first experienced, extensive numbness or motor paralysis was noted 
simultaneously, it becomes quite certain tbat the plugging long preceded 
the onset of pam Now histones of this type are frequent and, as will be 
exemplified later, it may even be stated or known that pain comes definitely 
after paralysis In considering the time relations of the onset of pam to 
numbness or motor weakness, it is to be recognised that the last two symptoms 
are apt to be long overlooked , the fact is really a familiar one, being well 
illustrated by a leg that has " gone to sleep,” for usually the limb is 
recognised to be insensitive and weak only when it comes to be moved 

Secondly in regard to pam, when the circulation to a limb is completely 
arrested experimentally, the time at which pam appears vanes very greatly 
If the limb is doing work, pam can come quickly, namely, within a half 
minute or a little more, and will often rise quickly to a pitch of very great 
seventy But if the limb is kept at absolute rest, more than half an hour 
may elapse with little more discomfort than slight aching of the part 
According to circumstance pam may come after a short delay or may be 
delayed for intermediate or for very long penods of time Thus, it happens 
that pam may come long before there are paralytic symptoms, or it may be 
delayed until after these symptoms are distinct As will appear later, 
similar vanations are found in the order of symptoms ansmg out of embolic 
closure of limb artenes 

These considerations help to keep the mind alert to construe the 
symptoms and signs m clinical cases anght, and are appropriate prehmmanes 
to the following enqrniy, which leads to the conclusion that embolism does 
not give rise to pam as an initial symptom by affecting the vessel u all locally, 
but by depriving distal tissues of their proper blood supply Evidence 
will be collected to show that characteristically the pam of embolism is not 
at the site of embolism but is beyond it, further evidence will be presented 
that pam does not necessarily mark the instant of embolism and that other 
symptoms often come first 

It will be manifest that these two chief pieces of evidence are strongly 
opposed to the view of a local origin of embolic pam and favour the theory 
that it arises as an effect of ischtoraia , other evidences that will bo discussed 
point m the same direction 


Main observations 

It has been stated, not infrequently, that the pam of embolism of the 
limbs is felt in the region of the clot Such, however, has not been my own 
clinical experience , speaking of non-mfectivo clots I have found that the 
pain is usually referred to a point distal, and often muok distal, to the clot 
Pam is sometimes felt m a region as high as the clot, and there is no reason, 
on the basis of the isohromic view of its production, why it should not , 
thus when a dot obstructs the profunda femons it blocks a vessel supplying 
muscle and other tissues at that level It is true that when a clot lies for 
many hours or several days in an artery, the region of the dot becomes tender, 
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and pain may occur in it spontaneously or be provoked from it by 
manipulation These symptoms, often associated with superficial signs of 
inflammatory reaction, are especially frequent m the case of the emboli of 
subacute infective endocarditis But it is not with consecutive symptoms, 
it is with the pain as an initial symptom of embolism that we are here 
concerned That pam from non-mfective emboli of aorta or mam vessels 
of the limbs is usually located beyond the obstruction can be substantiated 
by past records Information gathered from these records as to tho location 
of the pam, and other points relevant to the discussion of its ischaemic 
origin are briefly reviewed m the following paragraphs Of the very many 
cases that have been reported, we shall confine ourselves almost strictly 
to those in which the position of the clot has been determined at operation 
or after death 


Obstruction of the aorta at its bifurcation 
If there are differences between the symptoms arising out of embolism 
and thrombosis of the aorta, they are unknown , the symptoms are the same 
whether clots found at the bifurcation may be supposed to have formed 
in situ or to have been dislodged from the left auncle or ventricle Of cases 
in which the site of obstruction has been proved at autopsy or at operation 
a sufficient number has been recorded to enable us to describe the associated 
pam The characteristic pain is not abdominal but occurs m the lower 
limbs It is usually described as severe and, without closer localisation, as 
occurring m the legs , it may extend from hip to foot, it may be m one calf 
and foot (Lundblad (7) Case 1) , it may be cramp-like , it is almost always 
described m association with sensory or motor paralysis and with clear 
signs of loss of circulation to the legs, though the order m which these 
symptoms appear is rarely recorded The case described by Boccherini (10) 
is instructive Here a tearing cramp-like pam was experienced m the left 
leg of an elderly cardiac subject, and was soon followed by pam m the nght 
leg The legs became cool and discoloured The nght limb recovered, but 
motor and sensory paralysis were established m the left leg The clot was 
found m the bifurcation of the aorta, completely blocking the left but not 
the nght iliac artery The pam, though expenenced m both legs, occurred 
chiefly m that to which the flow of blood was mainly hindered 

Occasionally there may be a preliminary pam m the loms (as in 
Drevermann’s case (3) ) or m the abdomen (as in cases of my own) and 
associated with melsena (Gamble (4, Case 2) ), or m the back and associated 
with hsematuna (as in a case of my own), followed m each case by pam m 
the lower limbs Such preliminary pam is to be ascnbed to early involvement 
of lumbar artenes, mesentenc artery, or renal artery, by separate dot, or 
by the mam dot before it finds its final lodgment at the bifurcation 

While pam is usually given the most prominent place m the symptom- 
atology, it is clear from cases of Malbranc (8), Ban6 and Halbron (1), and 
Lundblad, that it may be a delayed symptom, coming after the obstruction 
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has been diagnosed Lundblad’s Case 3, a patient suffering from mitral 
stenosis and aunculai fibrillation, suddenly developed “ a feeling of numbness 
jn his nght leg He was immediately put to bed After a short while be 
had a similar feeling in his left leg, followed about a quarter of an hour later 
by intense, gradually increasing aching pains m his nght leg, mostly m the calf 
and foot There was an aching pain in his left leg as well, though not by far so 
intense as m the nght one ” When taken to hospital next day, still Buffering 
from severe pam in the nght leg and foot, the nght leg was discoloured and 
paralysed Pulses were felt in both groins but the nght one was weak 
At operation, a clot was found extending from directly below the bifurcation 
of the aorta into the nght common femoral artery , this was removed and 
at the post mortem a fragment was found at the aortic bifurcation The 
case illustrates delay m the appearance of pam, and also that pam occurs in 
the ischaemia temtory, which m this case was at first bilateral and later 
nght-sided 

James (11), wnting m 1830 before the introduction of anaesthetics, 
descnbes a patient in whom he tied the left superficial femoral artery for 
aneunsm of the left external iliac artery The tumour increasing, he put a 
ligature around the aorta It was drawn tight, and the tumour became 
flaccid , “ at the same time the patient complained of deadness m the lower 
extremities ” After the operation “ he complamed of great pam in both 
the lower hmbs, which on the aneunsmal side soon increased to agony, and 
although opium was repeatedly given, it did not cease till he died ” The 
pam was ohiefly at the knee The ligature was found to have been tied 
immediately below the inferior mesenteric artery In this oase the actual 
ligation of the aorta gave rise to no pam , this developed later and especially 
m the leg to which, owing to aneunsm and previous ligature, little or no 
collateral flow could become established Murray (12) relates how, without 
anaesthetic, he tied below the mfenor mesenteno artery the aorta of a man 
whose nght limb was insensible and pulseless owing to an aneunsm of the 
nght lhac artery “ The tightening of the knot did not seem to occasion 
any great pam, nor to cause any unusual sensation or shock m the vascular, 
nervous, or respiratory systems His first complaint was, that his left 
leg had become as benumbed and useless as his nght ” Nevt day, and 
before his death, this patient was suffenng severe pam m the lower 
extremities 


Obstruction of arteries of the limbs 

Of the many cases of embolism of artenes of the hmbs that have come 
under my own observation I have been impressed by the fact that pam, as 
an early symptom, is confined to coses in which a large artery is involved, 
and in which conspicuous signs of lschamna of the limb develop Thus 
those emboli, which m cases of subacute infective endocarditis so often 
lodge in vessels of the order of the radial, ulnar, or smaller artenes, do not 
give nse at the time to pam, and frequently pass unnoticed unless the 
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superficial vessels are searched regularly, or unless signs of superficial 
inflammation subsequently appear This definite impression from personal 
experience is substantiated by past records It is sufficient to peruse such 
senes of collected cases as those published by Lapmsky (19), Key (18) and 
Jefferson (17), to find case after case displaying pain in combination with 
accepted manifestations of ischaemia , with numbness of the limb, motor 
weakness, or the discoloration and lowered temperature that threaten necrosis , 
so also when ue deal with numerous isolated case records There are 
occasionally records in which pain is mentioned and emphasised as an early 
and severe symptom without reference being made to sensory or motor loss, 
but none that I have found m which such pam is definitely stated to have 
been unaccompanied by paralysis The relation is too complete to be 
accidental or to be without important significance The association with 
paralysis is easy to understand if we acknowledge pam also to anse out of 
ischaemia And the reason why pain is a feature of the obstruction of large 
arteries is not that the penartenal tissues of these are more sensitive than 
those of smaller vessels, but that the iscluemia of a limb is the more severe, 
involving also more of the muscle of the limb, the nearer to its origin the 
main vessel is obstructed 

The case may be one of mitral stenosis with auricular fibrillation in 
which broken clot is subsequently found in the heart , or it may be one of 
typhoid fever in the third or fourth week of the disease (Patty (29), Lapmsky 
(19, Cases 2 and 6) ) If we accept these as typifying embolic and thrombotic 
obstructions, or if we prefer to distinguish the embolic and thrombotic clots 
from accounts of their naked eye appearance m the individual cases, we shall 
conclude that their symptoms are indistinguishable, and that it is the 
obstruction and not the manner m which it is brought about upon which pam 
depends 

In regard to the location of pam, which is nearly always described as 
severe, the following illustrations will suffice for the limbs 

Axillary and brachial artery In Neuhof’s case (25) of obstruction to 
the axillary artery, the pam is stated to have been in the hand and arm, and 
in Wideroes’s (33, Case 1), from shoulder to lower arm In blockage of the 
brachial artery Jefferson (17, Case 3) reported pam in the hand, Pearse 
(30, Case 4) m fingers and forearm, Banks (14) just above the elbow, and 
Key (18, Case 5) in the hand and lower arm 

Common thac artery While Danzis (15) reported pam in the groin 
from obstruction of this vessel, Lundblad (22) reported it in the foot and in 
the leg to the knee in one case, and in the leg and heel in another 

Common femoral artery Wideroes described the pam of obstruction 
of this artery as in inner thigh and popliteal region (Case 3) and m the upper 
thigh (Case 5) But m Key’s Case 1 and Ohvecrona’s case (28) it was in the 
region of the knee , m the cases of Key (Case 4), Aleman (13) and Pearse (30) 
in the lower leg , and m the two cases of Lapmsky (19, Cases 3 and 4) and in 
that of Watson (32) in the foot 



PAIN IN EMBOLISM 


243 


Popliteal artery The pain from an obstructed popliteal artery was m 
the lower leg in Leyden’s case (20) and Key’s Case 6 and in the lower leg 
and foot in Lapinsky’s Case 6 , in Key’s Cases 3 and 4, Soderlund’s Cases 
1 and 2 (31), Odelberg’s case (26), and Pearse’s Case 2, it was m the foot 

Thus the pain is almost always beyond the obstruction and not m its 
immediate vicinity , it differs m situation in cases of obstruction of the same 
vessel , it can occur in the foot whether iliac, femoral, or popliteal artery is 
blocked , facts inexplicable on the basis of the local ongin of pam, but readily 
understood if it arises out of ischaemia The site of pam has m fact httle 
value in locating the clot 

Pam is the symptom chiefly emphasised m reports of obstruction to 
a main artery of a limb, and it is customarily described as sudden m onset 
and severe, and accompamed by numbness and loss of power Thus it is 
often inferred, or actually stated, that sensory or motor loss comes suddenly 
and the impression may be gamed that these symptoms cannot precede pam 
Reasons have already been given for questioning these ideas It is consistent 
with the hypothesis of ischsemic pam, that pam should come before sensory 
loss, and also that the order should be reversed and that sensory loss should 
precede pam In Pearse’s sixth case an embolus of the common femoral 
artery led to tingling, numbness and paralysis of the leg, but no pam followed , 
m Gejrot’s case (16) and m Key’s second case numbness was the sole 
complamt The onset with numbness and subsequently developmg pam 
is more frequent (see Case 2) and it is notable that a deliberate statement of 
this order of development is found most often m the more detailed and careful 
descriptions Thus m describing his second case Lundblad (22) says — 
“ She suddenly had a feeling as though her right foot was growing numb 
At first she had no difficulty m moving her leg nor did she have any pam 
But after a couple of hours an aching pam set m which rapidly became 
aggravated and reached a violent intensity It was localised mostly to the 
foot and leg, but was also felt higher up, slightly above the knee ” Seen a 
httle later the leg was pale, marbled, pulseless and largely anaesthetic 
""Slots were removed at operation from the lliao artery This report is not 
exceptional in type , m Jefferson’s Case 1 (17) of a clot in the axillary artery, 
pam m the arm was preceded by tingling and numbness , in Pearse’s Case 2 
(30), embolism of the vessels of the leg gave numbness of the foot, and pam 
16 mm later , in Key’s Case 1 (18) of obstruction of the common femoral 
artery, the onset was with numbness, succeeded by pam in the popliteal 
space , similarly m two of Lundblad’s cases (22), m Olivecrona’s case (28), 
and m Soderlund’s case (31) A significant history is that given by Wideroes’s 
first patient (33), who was wakened by pam and found numbness 

A perusal of the case records suggests that numbness or weakness is 
more likely to be noticed as a first symptom by those at rest m bed, that 
pam is more likely to mark the onset m those who are up and using the 
limbs, and that pam may follow numbness at rest when the subject moves 
or is manipulated Such forms of onset would be m entire harmony with 
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the ongm of the pain in ischaemia, but these details are as yet not clear 
enough to allow final statements to be made 

Among past records are to be found the reports which now follow, 
reports which seem to me to be conclusive in the evidence they bring for 
the ischaemic ongm of the pain discussed 

Jefferson (17) describes how a man of 42, while being moved a day after 
operation for umbilical hernia, complained of tingling and increasing numb- 
ness in his arm, which rapidly developed into intense and persistent pain with 
complete paralysis of the arm When examined the arm presented clear 
signs of an obstruction to the circulation in the axillary artery ThiB artery 
was exposed 2* hr after the onset of symptoms under local anaesthesia, 
the vessel opened between clamps, and the clot removed Release of the 
upper clamp caused a flow of blood , release of the lower clamp caused a 
flow of blood after the removal of another clot The artery was stitched up 
and the two clamps removed The patient immediately Baid, “ The pain 
has gone,” and a few seconds later remarked that “ he could move his fingers, 
and that his arm was warmer ” The radial pulse soon felt full and free 
Here is an instance of intense pam in the arm continuing for 2i hr , the 
clot was removed, each clamp was released separately, and without rehef 
Rehef came when both clamps were opened and in the instant when the 
circulation to the limb was restored This exceedingly interesting record 
does not stand alone It is fully substantiated by similar reports of rehef 
of severe pain by embolectomy under local anaesthesia published by 
Ohvecrona (28), Odelberg (26), Aleman (13) and Lundblad (23) 

A case described by Key (18, Case 3) is valuable in this same connection 
The patient, who suffered from cardiac failure, developed sudden severe 
pam in the foot with full signs of obstructed circulation in the limb The 
embolus was found m the common femoral artery, and in its branches, and 
was removed with restoration of pulsation But, although the mam clot 
was gone and the clamps removed, pam persisted Further exploration 
now discovered another clot obstructing the popliteal artery When this 
was removed and the vessel released the foot became warm, and the pam 
which had been quite unaffected by removal of the first clot now disappeared 
completely Thus, it is the restoration of the circulation and not the removal 
of impacted dot which relieves the pam Key describes a second case 
(Case 6) which illustrates the same pomt 

It is here to be noted however that the removal of a clot from a proximal 
part of the mam artery may give rehef, although the vessel or its branch 
remains blocked lower down (Key’s Case 6) , this is to be anticipated on 
the ground that disturbance to the circulation m a limb is the greater the 
more proximally the obstruction occurs m the mam vessel The same pomt 
is illustrated m the following record This is Lmdstrom’s first case (21), 
published m Key’s senes A man of 76 years had undergone a prostatectomy 
a few days earher He complained of the onset of severe pam m his nght 
arm, loss of feeling, pallor, and paralysis Examined half an hour later, 
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signs of an obstructive clot in the lower part of the /axillary artery were 
found While this vessel was being manipulated to identify the precise 
level of the dot the patient abruptly lost his symptoms Simultaneously the 
colour of the arm became normal and movement returned to it Pulsation 
could now be felt in the brachial artery to the elbow , but the radial and 
ulnar pulses could not be felt This is a clear description of dislodgment of 
a dot from the axillary artery, the embolus now becoming impacted lower 
down, and probably at the bifurcation of the brachial artery Belief of 
pam came at once with the improved circulation to the limb , it is noteworthy 
too that the embolism of the lower artery, which m this instance could be 
timed accurately, was accompanied by no pain In several other instances 
Lmdstrom, and in another instance Ohrstrom (27), obtained similar relief 
of pam by deliberately massaging a clot onwards m the mam artery of the 
limb 

Effects of local anaesthesia To records of the relief of symptoms of 
artenal plugging by surgical removal of the clot, records which m recent 
years have become numerous and have supplied unusually dear details of 
symptomatology, we are indebted for quite dear evidence that the early 
pam of arterial obstruction is not caused by stimulation of nerves or nerve 
endings in the wall of the artery, thus giving rise either to local pam or to 
pam that might possibly be regarded as referred to a more distal part of the 
limb, but that the stimulus causing pam has its seat in distal tissues For 
it is oustomary m the case of the limbs to perform this operation of 
embolectomy after infiltrating the tissues surrounding the vessel with local 
anaesthetic, so that the vessel is exposed, opened, and sewn up agam 
painlessly It is abundantly evident from many reports that thorough 
infiltration of the artery with anaesthetic has no influence on the pam, which 
persists, as illustrated by several cases already quoted, until, and only until, 
the circulation through the affected vessel becomes restored 

The tissues in which the pam originates The evidence already given 
seems sufficiently to establish the conclusion that pam, as an early symptom 
of embohsm, is due to ischaemia But this conclusion would almost 
inevitably lead on to the second that the tissue in which pam arises is the 
musculature of the limb As indicated m the preliminary remarks of this 
paper, when the bloodflow to a limb is arrested deliberately for a half hour 
more or less any pam that follows comes from the musculature The pain 
is definitely related to muscular work, it is a continuous ache, often becoming 
very severe, and is associated with tenderness of the corresponding group 
or groups of muscles When pam arises m a working limb, to which the 
bloodflow has been arrested by embolus, its origin from muscle can scarcely 
be doubted (Case 1) In most case reports where pam is recorded its site 
is not precisely stated, and other characteristics are rarely mentioned 
But such information as is available is not only consistent with but supports 
the view that the pam at least usually is muscular There are clear 
indications in many case records that the pam mcreases quickly to become 
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intense, and that it then becomes a continuous pam •with little variation m 
degree Such are the characteristics of pam starting from ischaemic muscle 
Another characteristic of the pam of muscular ischaemia, when this is produced 
experimentally, is its almost instant subsidence on release of the circulation, 
which as has been seen also happens when artenes are freed from clots by the 
operation called embolectomy Another very suggestive fact is that tender- 
ness is easily elicited by pressure over the muscles involved This was 
noticed by Lapmsky (19) m several cases, by Leyden (20) in his case, and 
by myself in several patients (see Cases 1 and 2) References to the 
complamt of cramp, or of cramp-like pam, by Ohrstrom (27), Bochenm (10) 
and Hawkins (6), and in several cases recorded or cited by Martm-Durr (24), 
and the diffuseness of the pam that is obvious from other descriptions, 
definitely favour the view of its muscular origin 

We may supplement the previous conclusion by saying that it is the 
ischsemia of somatic muscle that is usually, perhaps always, reponsible for 
the pam under discussion 

General consideration of the initial pain of embolism 

Limbs In the main part of this paper, we have arrived at the conclusion 
that the initial pain of embolism (and of thrombosis) of limb artenes is due 
to ischaemia, and that the ischaemio tissue responsible is usually, perhaps 
always, voluntary muscle 

To link up this conclusion with corresponding conclusions relatmg to 
other organs, we may pass bnefly m review from the same standpoint the 
effects of plugging of artenes supplying the chief viscera 

Brain It is recognised that embohsm and thrombosis of the mam 
intracranial artenes usually happens quite painlessly 

Heart The best known symptom of thrombosis or embohsm of the 
coronary artenes is anginal pam, pam rising quickly to what is usually 
a severe level, pam which is characteristically continuous and long lasting 
Evidence concerning this pam has been considered m recent years with 
unusual care and m detail , the reasons for concluding that it originates m 
ischsemia of cardiac muscle, have been discussed in a recent paper (see 60) 
Lungs Pam is not a recognised symptom either of embohsm or 
thrombosis of branches of the pulmonary arterial system 

Spleen It is legitimate to conclude from the rarity with which splemc 
infarction is diagnosed during life that embohsm of its vessels causes no 
characteristic initial pam , when pam occurs m the left hypochondnum it is 
probably rightly ascribed to local inflammation of the peritoneum following 
as a sequence to embohsm 

Kidney Although embohsm of a renal artery is usually followed by 
httle or no pam, pam, and even severe pam, m the back or lorn is sometimes 
recorded 

Mesenteric arteries The recognised symptoms of obstruction of the 
superior mesentenc vessel are abdominal pam, vomitmg, constipation or 
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bloody stools, distension, and collapse Very many reports are available , 
numbers were collected by Faber (35) m 1875 and since by Watson (47), 
by Jackson, Porter and Quinby (40) and by Weloh (48) Using such reports 
as include post-mortem records it is clear that abdominal pain is an early 
and usual symptom It may not occur, but ocoumng it is almost always 
described as severe, and is sometimes spoken of as colicky m type Another 
feature is that it increases in intensity and is long drawn, continuing for hours 
or even days It seems to be diffuse and difficult to locate, is most usually 
referred to the region of the navel, though not infrequently to other parts 
of the abdominal wall suoh as epigastrium or kypochondrram 

Agreeing with pathological evidence, experiment on animals haB shown 
that so far as adequate blood supply is concerned the mesenteric branches 
are almost end-artenes and that ligation of one of these is constantly followed 
by contraction of the corresponding section of bowel (Litten (42), Mall (44)) 
The fact is easy to verify , and I observe that the contraction is not rhythmic 
but tome Jackson and his collaborators say that the pain is generally 
admitted to be due to intestinal contraction Welch, who had closely studied 
available records, also held this view of the pain m its initial phases Strong 
contraction of the bowel is well known to result in pain Ischaemia provokes 
contraction which is long continued , by preventing the removal of a chemical 
pam factor, such as is supposed to underlie ischaemic pain, it should ensure 
continuity of the pam and cause it to become gradually enhanced, as has 
been recorded of these cases Variation in the site of pam may be attributable 
to the great length of gut from stomaoh to colon, which the superior mesen- 
teric artery supplies The view that pam is mduced by disturbance m the 
walls of the gut, rather than m the walls of the artery is supported by the 
observation, sufficiently established (Fagge (36), M’Weeney (43), and other 
oases to be found in Jackson’s collection) that thrombosis of the mesenteric 
or of the portal vein gives pam indistinguishable from that of arterial 
embolism 

As long ago as 1834 Kussmaul (41) suggested that the site of pam might 
possibly serve to differentiate between obstruction of the superior and the 
inferior mesenteric vessels Pam would be expected, and as we have seen 
is often found, to be referred to the region of the navel m the former, while 
tenesmus and pam from the bladder might be expected m the latter But 
the symptomatology m the latter is not known sufficiently even to-day to 
allow of its dear statement or differentiation, though it is clear that severe 
pam is amongst the symptoms (39) 

/ f' Comment 

pam as an initial and severe symptom of embolism (or of 
thrombosis) is the rule when the artery supplies a limb, the heart, or the 
bowel Embolism (or thrombosis) of an artery supplying bram, lung and 
spleen, ocours painlessly The organs first named all contain a large pro- 
portion of muscular tissue , the organs last named oontam none or little 
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The renal arteries, embolism of which seems sometimes to give rise to severe 
pain, supply renal tissue, but they also supply the muscular pelvis of the 
kidney , we have no information allowing us to conclude that the presence 
of this muscular tissue explains or fails to explain the renal symptoms 
The broad grouping of organs into those which are muscular and give rise 
to pain, and into those which are non-muscular and give no pain, and the 
highly suggestive evidence, especially m the case of limb and heart, that the 
pain discussed arises from ischaemia of muscular tissue, warrants a final 
general conclusion, namely, that the early pain of sudden arterial obstruction 
is generally, if not always, due to muscular ischaemia 

Conclusions 

In embolism of an artery of a hmb, pam and tenderness may occur in the 
region of the clot as a late symptom , this is especially frequent when the 
clot is infected, and is attributable to inflammation But the early and often 
severe pain of embolism here considered arises differently 

This early pain is not due to impact, nor to any other physical change 
stimulating nerves or nerve endings locally, as has been supposed It is 
usually felt in the hmb distal to the obstruction An interval elapses, 
usually if not always, between the onset of circulatory arrest and the onset 
of pam, which is not necessarily the first symptom The interval, though 
very variable in duration, is usually measured in minutes The pam occurs 
after an obstruction m an artery of sufficient size to mduce conspicuous 
signs of ischaemia of the limb The pam is the result of ischsemia, and it is 
ischsemia of musole in the hmb that is usually, perhaps always, responsible 
Embolism (or arterial thrombosis) gives rise to pam when it affects 
muscular organs, like the hmb, the heart, or the bowel, but not when its 
effects are confined to non-muscular organs like the brain, the lung, or the 
spleen ThuB the early pam of sudden arterial obstruction is generally, 
if not always, due to muscular ischsemia 

CASE REPORTS 

Case 1 Sudden obstruction of left femoral artery, first symptoms, including pain m heel and 
numbness, noticed while walking a short distance The pam was for the most part distal to the 
obstruction 

T S , a man of 61 years was admitted as an inpatient on January the 17th, 1936, presenting 
the signs of aneurysm of the ascending aorta of syphilitic origin, venous congestion, aunoular 
fibrillation, enlargement of the heart, high blood pressure (210 systoho, 106 diastolio), but no 
valvular disease He was given digitalis and rest and his congestion soon responded well to 
this treatment He became convalescent 

February the 9th At 9 am the patient walked 40 yards to the ward lavatory, stood and 
washed himself for 10 min and had walked back almost the whole way to his bed, when he 
noticed a pain starting suddenly m the inner side of his left heel , this grew m seventy and 
gradually spread up the leg to the inner part of the thigh It was a dull aching pam, it was not 
very severe Closely questioned he said that while walking back to bed he noticed numbness 
of his foot As soon ns he reached his bed he called the sister of the ward to examine lus foot , 
she found it anaesthetic The pam m the thigh lasted about 3} hr , that m the leg lasted muoh 
longer 10 30 a m On examination no numbness could be deteoted , the patient stated it had 
oleared away The left foot and leg were colder, a httle paler, and more cyenotio than the nght 
Pulsation was gust palpable in the left femoral artery, but m none of the other arteneB of this leg 
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February the 10 th Numbness had returned to the foot, whioh remained cold and pulseless 

February the llth The left foot and leg were of a little deeper and more oyanotio colour 
than the right The left foot was much the colder, and a difference m temperature was traceable 
as high as the knee The pulsations of both arteries of the foot, of the popliteal, and of the femoral 
artery, were easily felt on the right side , on the left only a feeble femoral pulse was felt above 
Poupart’fl ligament , it could not be traced below the ligament as it could on the 9th The 
common femoral artery could be felt as a solid cord m Scarpa’s triangle The left foot was 
considerably but not absolutely aneesthetio, sensation gradually improving to normal at the 
junction of the upper and middle third of the leg Needle pricks were felt very imperfeotly 
on the foot, but normally after the middle of the leg was passed The sole of the foot was a little 
tender The belly of the gastrocnemius musole was tender when squeezed, the musoles on the 
front of the lower part of the leg were exceedingly sensitive to pressure All these musoles were 
flaccid 

February the 12th The aneestheaia had deohned a little in extent Otherwise the Bigns 
were unchanged The patient was unwilling to dorsiflex the ankle owing to pam produced on 
the front of the leg , plantar flexion was undertaken but was also limited by pam There was 
still some pam noross the root of the toes 

Course By the 4th day all pain had gone , tenderness of the muscles on the front of the 
leg persisted till the 34th day The anesthesia began to deoline on the 12th day and continued 
to do so steadily until the 52nd day when only a little remained on the dorsal surfaces of the 
first two toes Simultaneously and gradually his motor weakness disappeared , it was most 
conspicuously shown in dorsiflexion of the ankle , this was still detectable, though he walked 
without limping, on the 52nd day, when he left hospital 

Comment This case was one either of thrombosis or of embolism of the left common femoral 
artery It was clearly established that numbness came at least as early as pam , from which it is 
to be deduced that the arterial occlusion preceded the onset of pam by very many minutes and 
probably at about the time when the man left his bed on his way to the lavatory The slight 
and temporary recovery of sensation suggests that an embolus may have moved on from the 
common into the superficial femoral vessel The subsequent reappearance of numbness m the 
leg is explained by extension of thrombosis back into the common femoral vessel at least as 
far as Poupart’s ligament The signs m the groin were those of a local clot, but this man’s pam 
began in his foot and continued chiefly m foot and leg , he also suffered from long contmued 
tenderness of muscles of the leg The pam could not be connected directly with the vessel wall 
surrounding the thrombus The pam began and was felt as a continuous pam while the man 
walked , it continued although the man rested , these facts the character of the pam and its 
association with tenderness, suggest its origin m ischromia of musoles 


Case 2 Permanent femoral obstruction, in which the first symptom was paralysis of the leg , 
pain developed in the lower leg 12 hours later, after warming the leg , the pam was distal to the 
obstruction 

D T , a married woman of 29 years, suffering from mitral stenosis and fibrillation of the 
auriales, was admitted to hospital and delivered of her first child, on December the 12 th, 1934 

December the 16iA At 12 30 a m she awakened for an unknown reason, mid shortly after 
wards noticed that her right leg felt numb There was no pam 6 46 am She still complained 
of paralysis and numbness of the right leg On examination the leg was found to be pale and 
cold as high as the knee She could bend her knee weakly, but not her ankle or toes Sensation 
to touch and pnok was impaired over the foot , her leg was very tender to pressure The right 
femoral pulse was a little weaker than the left The popliteal pulse and the pulses of the foot were 
palpable on the left but not on the right side 12 noon An electno oradle was fitted over the 
nght leg and shortly afterwards she began to have an aching pam m the front of the lower leg , 
this lasted about an hour 

December the 18/A and 20 th Antesthesia was still present over the whole foot and analgesia 
over the distal half of the foot Plantar flexion of the ankle and toes was present dorsiflexion 
was nearly absent Movements at the knee were powerful The pulses were unchanged The 
oscillometer gave good excursions above and below the left but none above or below the nght 
knee The femoral arteries were equally palpable to a point two inches below Poupart’s ligament 

January the 2nd The area of impaired sensation was smaller 

March the 21st A httle numbness remained between toes 1 and 2 and on the heel of the nght 
side Voluntary movements at the ankle were still limited and the leg muscles were wasted. 
The pulses were as previously noted 
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OBSERVATIONS ON URTICARIA PROVOKED BY EMOTION, 
BY EXE RCISE AND BY WARMING THE BODY* 

By R T GRANT, R S BRUCE PEARSON and W J COMEAU 
From the Clinical Research Unit, Ghiy’s Hospital, London 


In the following paper we describe observations on a group of cases 
illustrating a well defined type of urticaria which hitherto has not been 
generally recognised though, from time to time, isolated instances have been 
reported Briefly, its mam features are that the urticarial attacks are 
regularly induced by emotion, exercise or by warmth , they are characterised 
by the development of numerous small flares and minute wheals and usually 
aocompamed by itching Its chief interest, however, is that our observations 
have shown clearly, we think, that the H-substance responsible for the 
urticaria is released m the skin through the peripheral nerves 

These observations arose out of a case (Case 1) which was brought to 
our notice by our colleague. Dr H W Barber, and which seemed to belong 
to the category of the so-called psychogenic urticarias, the eruption being 
easily provoked by emotional stimuli We found, however, that while 
emotional stimuli were quickly followed by the appearance of scattered 
wheals and flares on the s kin , much more profuse eruptions were readily 
provoked by exercise and by warming the body The regularity with which 
these attacks could he induced under controlled conditions allowed us to 
proceed with the analysis of the factors mvolved m the production of the 
urticaria , this analysis provided clear evidence of the participation of the 
nervous Bystem 

Through the kindness of our colleagues - ) - we have since been enabled 
to investigate five other cases of the same type, and these observations have 
confirmed and extended those made on the first case The histones and 
clinical features of all these cases are so alike and our observations have 
yielded results so concordant, that we need not descnbe each in detail 
The case h^tones are summarised below , we then give a general description 
of the group and illustrate our observations by example 


* Work undertaken on behalf of the Medical Research Council 

t We are indebted to Dr A F Hurst for Case 2, Mr E B French for Case 3, Dr G B 
Dowling for Case 4, and to Dr H W Barber for Case 0 
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Case histories 

Case 1 E.A , a health} looking, well dex eloped, single woman, aged 22, was admitted 
to Guy’s Hospital on Februarx the 28th, 1935 She complained of attacks during the last 6 
years of a blotch} rash on the skin m which small lumps develop and which are accompanied 
by a feeling of warmth and intense itching Tho rash comes quicUx whenever she is excited, 
flumed, embarrassed, or when she gets n start It comes also whenexcr she goes to a dance’ 
tho eruption developing when she dnnees and subsiding when she sits out , even the excitement 
of preparing to go to the donee is sufficient to bring on on attack. If she is late for work m the 
morning and runs to catch a bus, an attack often comes The frequent blotching of her face and 
neck causes her considerable distress as she thinks people axoid her as suffering from some 
contagious disease She is easily embarnssed and bluBlies and sweats readih The attacks 
bear no relation to menstruation, to the season of the year or to food though occasionally one 
comes when she sits in front of the firo aftor her evening meal An attack sometimes comes 
after a hot bath or a long walk She has found that tho attacks are less frequent and milder 
if she leads a quiet life, axoiding excitement and hurry 

In slight attacks only a few blotches and lumps appear, these subside in a few minutes 
In bad attacks, tho whole skin of tho bodx , except that of tho palms and soles, becomes flushed 
itchy and lumpy , it may bo an hour or more before the skm returns to normal Exen m bad 
attacks she has nor cr felt ill or giddy or suffered from headaches Apart from these attacks, 
and measles and chicken pox in childhood, sho has alwavs been well The patient cannot attribute 
the beginning of the rash to any particular event m her life Sho smokes about 5 cigarettes a 
day but does not dnnk alcohol since she lias found that it always brings out tho rash There is 
no history' of skm trouble, asthma, or hay fever in her family , her mother, father and one brother 
being nine and well 

Examination ro\ enled no abnormality of tho chest or abdomen the nervous or gemto urinary 
systems The systolic blood pressure was 125 and tho diastohe 85 mm Hg 

Case 2 E G , a tvpist, aged 20, unmarried, attended Guy ’s Hospital as an outpatient on 
Apnl the 10th, 1036 She complained of sox ere itching and a blotchy rash m the skm with small 
lumps the size of lentils which are white and raised Tho rash is quickly brought out if she is 
excited or frightened, or if she laughs a lot Wlienex er she goes to a dance she has to stop half 
way' through beenuse of tho rash appearing , it soon goes when she rests Attacks always come 
if die runs upstairs, or for a bus, or oven walks smortlx , and sometimes after a hot bath Some 
times she has queer feelings in her head and then her face seems stiff , die becomes frightened 
and the rash quickly follows She also gets a slight attack on tho face and neck if dio tastes 
anything acid such ns an orange or vinegar , ex en the smell of xinegar is sufficient She often 
has an attack when m bed , it always accompanies a dream thnt she is running or frightened , 
she xvakens itching and finds the rash on the skm The attacks are worso m summer than in 
winter , thoy are less sex ere when slio is menst ranting The rash seems to start in the 
neighbourhood of the larger joints and spreads ox er the bodx , except tho palms and soles In 
bad attacks sho is covered with ‘ pimples ” from head to foot , sometimes she feels sick and 
giddy and may famt, afterwards suffering from headaches A bad attack may end in shix-enng 
Sho blushes but does not sweat easily 

During tho last two years the attacks hnx e been more frequent and more easily brought on, 
and, though she leads a quiet life cannot entirely ovoid them Except for chicken pox at the 
age of 3 and these attacks, which began at the ago of 12, she lias always been well There is no 
personal history of other skm trouble, asthma, or hax fex er , a third cousin has asthma 

Examination shows her to be a spare but well dex eloped and healthx girl There is a Bbght 
enlargement of the thxToid isthmus , signs of thyro toxicosis are wanting 

Case 3 UP , a single woman, aged 18, first attended this Hospital on October the 24th, 
1035 Since the summer of 1934, die has suffered from attacks of on itchy red rash with small 
white lumps on the skm This rash appears mostly on tho arms and tlughs, abox’e the knees, and 
sometimes on the face , she has not noticed it on the trunk The white lumps only come in bad 
attaoks The rash comes when she takes exercise, specially tennis, and when she is hot or agitated 
She has occasionally had it when dancing, but not badly When die lies a long tune in a hot 
bath, she gets itchy red patches all over the body If a bad attack is provoked on one day by 
playing tennis, then the next day she will hax e little or no rash exon with the same amount of 
tennis The rash is always worse if she has not recently taken exercise She knows of no reason 
for the onset of this trouble About five years ago she had occasional swelling of the face with 
large white “ bumps ” when she went out into the cold This was attributed to eating eggs 
and when she stopped eating them, this swelling did not recur There is no personal or family 
history of asthma, hay fever, or skm trouble 

She is a xvell dex eloped, healthy and intelligent girl and not emotional or nervous 
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Case 4 D B , a single young woman aged 20, first attended this Hospital on November the 
22nd, 1035 About 3 years ago she bathed when she wns very hot , the skm became reddened 
and many white lumps, about the size of a match head, developed There wns very little itching 
but she felt os if her skin was tight Tins rash disappeared in about half an hour Before this 
timo she had always been perfectly well, but since then the rash has returned whenever she takes 
exercise , it comes also with dancing with a fright, or a blush She can usually ride horseback 
without getting the rash Exposure to the wind will bring the rash on the face She always getB 
a bad attack after bathing m the sea The rash comes all over the body except on the palms and 
soles It sometimes makes her feel giddy, and she often feels shivery as it is passing off She 
dislikes the attacks and has recentlvled a restricted life to avoid them She finds now that the 
rash comes with very little exertion and sometimes without any obvious cause On one occasion 
Inst summer, after eating an ice cream her bps swelled up She has since avoided ice cream 

She is a well developed and otherwise healthy girl, of a rather nervous temperament She 
has never suffered from hay fever or asthma , two maternal aunts suffer from hay fever and two 
uncles and an aunt hav e asthma , a first cousin had eczema 

Case 6 M V , a married woman, aged 33 attended the Out patient Department of this 
Hospital on November the 27th 1635 For the last four months she has been troubled by a red 
and very itchy rash on which many small whito pimples appear This rash comes daily when 
she gets hot and usually only m the evenmg when she works as an office cleaner It comes also 
if she runs upstairs or to oatch a bus and sometimes when she gets annoyed She has not noticed 
it to come during or after a hot bath The rash appears first on the face and then on the arms , 
m bad attacks it spreads all over the bod} except the hands and feet It lasts about half an hour 
and as it goes away it leaves a bad headache which lasts for some time She cannot think 
of anything which might hav e brought on the trouble It has become worse recently, and causes 
her considerable embarrassment Before the onset of the rash she had always been perfectly 
well and, apart from it, still is so Her husband and two children are well , her father suffers 
from asthma 

Physical examination reveals no abnormality The patient is a healthy, well developed 
woman and not emotional or nervous 

Case 6 G H a public school boy , aged 18, attended tins Hospital on December the 1st, 
1935 For two years he has been troubled bv a slightly itchy rash which comes on the chest 
and back whenever he gets hot either by taking strenuous exercise, such as squash or football, 
or bv soaking in a really hot bath The rash comes m red patches about 2 am across and on these 
small white lumps develop about 2 mm in diameter The whole rash disappears m about half 
an hour Tlie rash comes only on the trunk above the waist He has never seen it on the arms 
or legs Excitement occasionally brings a few red blotches If he plays squash hard one day 
and has a rash, an equally hard game the next day produces none 

Two years ago when sunbathing he exposed himself too long , the skm peeled from his 
shoulders and chest, but not from the back or arms A month later the rash began on the chest 
and six months later involved the back also Apart from the rash he is and always has been 
perfectly well His father sometimes has urticaria and his mother suffers from hay fever 


Description of attacks 

These patients complain of repeated and transient attacks of a red and 
itchy rash We have witnessed many of these attacks and their characters are 
remarkably constant The elements of the eruption consist of small flares 
1 to 2 cm m diameter, in the centre of which wheals form 1 to 2 mm across 
When the stimulus provoking the eruption is a short one, for example a 
needle pnek, the interval between the cessation of the stimulus and the 
first appearance of the flares is about 2 minutes, the wheals forming about 
1 minute later The flares and wheals subside within an hour The urticarial 
response thus closely resembles, m appearance and in time relations, that 
following the pricking of a dilute solution of histamine mto the skm, and, 
from the work of Lewis and his colleagues (8) is interpreted as due to the 
release of H-substance in the skm Often several flares coalesce, and on the 
irregularly shaped flushes so formed several separate wheals develop 
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When very numerous, the wheals also coalesce and are then irregular m 
outline Sometimes, as in very slight attacks, wheals do not develop on the 
flares which, fading rapidly, leave behind small red spots 1 to 2 mm in 
diameter Also, on the lower parts of the extremities, the flares tend to be 
indistinct, even in severe attacks, and here red spots may alone become 
manifest Apart from slight puffiness of the eyes and bps, there is no 
swelling of the subcutaneous tissues as in angioneurotic oedema 

Although there are local factors, to be referred to later, which modify 
the distribution and intensity of the eruption, the rash appears and spreads 
symmetrically on the two sides of the body It usually comes first on the 
blush area and spreads down the trunk and limbs, developing on the arms 
before the legs The wheals tend to be more numerous about the flexures, 
as on the anterior axillary folds, in front of the elbows and wnsts and behind 
the knees This, however, is inconstant, for, regions showing many wheals 
in one attack show few if another attack happens within the next day or two 
So that the profuseness of wheahng m any area vanes from time to time 
It is convenient to describe the attaoks as slight, moderate, and severe 
In slight attacks scattered flares and wheals appear mainly m the blush area 
In moderate attacks they are more numerous and widespread, but the 
forearms, legs, hands and feet are usually spared, though here, specially 
about the joints, a few flares and wheals or red spots alone may form Even 
dunng severe attacks, in which almost the whole wlnn is wheeled, the hands 
and feet are not involved to the same extent as the rest of the body 
Scattered wheals are present on the backs of the hands and feet, fingers and 
toes, but the palms and soles are always unaffected, and our patients have 
never experienced either swelling or itching here The harry parts of the 
axillae are also entirely, or almost entirely free , when epilated they are 
occasionally slightly flushed, and may show a few red spots and wheals 
Usually, the epilated axillae are strikingly pale and free from rash in contrast 
to the surrounding deeply flushed and much whealed skin We may note 
that Cases 1 and 2, whom we questioned, denied using any preparation m the 
axillae The scalp becomes flushed, though not so deeply as the body Bkm, 
and wheals are recognisable where the skin is loose, as at the nape of the neck 
The hairy pubic area is also flushed though wheals are sparse 

Usually, the outbreak of the eruption is accompanied by itching, and 
this may be very intense On occasion, even in a severe attack, itching is 
not experienced When the eruption is very profuse, the complaint is 
sometimes not of itching but of a burning feeling in the skin 

All six cases are of the same type, but not of equal seventy Severe 
attacks with wheahng of almost the whole skin have been witnessed m 
Cases 1, 2, 4 and 5 In Case 3, the attacks are never more than moderate, 
the wheals though widespread over the body being less numerous than m 
the other cases The attacks in Case 6 are always shght, there bemg at 
the most about 80 wheals distnbuted over the chest, back, neck and face 
We confirmed his statement that flares and wheals did not come on the arms 
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and legs or below the waist Case 4 differs from the others in that she suffers 
m addition from an urticaria due to cold This is discussed later {See 
page 269) 

Three of the patients complained of general symptoms accompanying 
severe attacks, giddiness (Cases 2 and 4), sickness and fainting (Case 2), 
shivering (Cases 2 and 4), and headache (Cases 2 and 5) On several occasions 
during severe attacks induced by war min g the body, both Cases 1 and 2 
became pale, giddy and faint, the heart rate being slowed , both recovered 
quickly on lying down We saw shivering dunng the severe attacks provoked 
by exercise and by warming the body in Case 2 and m those provoked by the 
subcutaneous injection of doryl m Cases 2, 4, 6 and 6 

We shall now consider the factors provoking the urticana A point 
of importance to be borne in mind m this respect is that the too frequent 
repetition of the attacks leads to a temporary diminution in their severity 
This is specially so m the case of severe attacks We shall deal with this in 
greater detail later {See page 266) 

Factors provoking the eruption 

The patients themselves are quite certain that the attacks are induced 
by emotion, exercise or warmth, or by a combination of these, and their 
statements have been confirmed in each case 

Emotional stimuli As examples of attacks following emotion, we give 
the following When Case 1 was embarrassed by exposing her body to a 
class of students, she blushed deeply In the blush, several deeper red 
blotches quiokly appeared and, as the blush faded, these stood out as bright 
red flares against the surrounding paler skin In the flares, wheals 1 to 2 
mm in diameter, soon developed A few flares and wheals appeared on the 
abdomen Again, when Case 2 was similarly embarrassed, she blushed 
slightly , 10 flares and wheals developed within 7 minutes, 2 on the neok, 
2 on the right side of the chm, 3 on the right, and 1 on the left shoulder, 1 on 
the left forearm and 1 on the inner side of the left breast In both patients, 
this stimulus provoked the urticana on each of several repetitions We have 
seen similar slight attacks m all our patients, m response to emotional stimuli 
Because of the ease with which emotional s timuli led to the appearance 
of the rash, it was found necessary for the further analysis of the condition, 
to accustom the patients to their surroundings and the procedures adopted 
Thus at first, m the severe cases, such stimuli as the compression of the arm 
by suddenly inflating a sphygmomanometer cuff, the introduction of a 
hypodermic needle into the skin or the statement that an injection was about 
to be given, quickly caused a few flares and wheals to appear Our patients 
co-operated readily with ub and soon submitted to even uncomfortable 
procedures without more appearing than a transient blush and, at times, a 
few scattered wheals and flares Usually, when they came to the laboratory, 
a few wheals were already present or appeared within a few minutes It has 
been our custom to allow these to subside before proceeding 
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Exercise In all our patients, exercise, such as running, skipping and 
hopping, regularly provokes an urticanal eruption more profuse than that 
following an emotional stimulus For example, Case 2 skipped vigorously 
for four mmtues The skin was then flushed generally and moist with sweat , 
many wheals were appearing Three and a half minutes later, the skm was 
covered with wheals They were sparse on the lower forearms, legs and the 
backs of the hands and feet , the palms and soles were unaffected The 
axillaj were also spared and were pale in comparison to the surrounding skm 
The eruption was much faded 13 minutes later 

Warming the body On one occasion we noted, while soaking the arm 
of Case 1 m hot water to try to produce a local urticaria, that although no 
wheals developed on the warmed arm, yet many appeared elsewhere on the 
body We have found that in all our cases soaking the hmbs in water at 
about 46°C , untd the body becomes warm, regularly induces an attack of 
urticaria, except on the immersed parts In the more severe cases, the 
eruption begins after 10 to 15 minutes warming , in Cases 3 and 6 longer is 
required In general, the longer the w arming the more profuse the eruption, 
although the wheals first developing subside as later ones appear The 
eruption of fresh wheals can bo checked by taking the hmbs out of hot water 
and cooling the patient m a draught of air or by replacing the hot water by 
cold If the circulation to the warmed hmbs is arrested while they are 
warmed, no urticaria follows, either on the body or on the hmbs after restoring 
the circulation 

The following is an example of a severe attack induced by warming for 
an hour In Case ] , the legs w ere heated in water at 45°C , the body was 
covered with waterproof sheets to prevent loss of heat through evaporation 
of sweat After 10 minutes, the skm w'as flushed and general sweating had 
begun At 15 minutes, wheals began to form on the face, neck and trunk 
At the end of an hour the face w'as blotchy and slightly swollen about the 
eyehds and bps, and the patient complained that her face felt stiff The 
skin of the body, arms and legs (down to the water line) was covered by very 
numerous and closely set or confluent w heals There were many minute and 
discrete wheals, and red spots without wheals, on the backs of the hands 
and a few on the backs of the fingers The palms were unaffected , the 
axillae, except for a few scattered red spots were free from rash, and were 
strikingly pale in contrast to the surrounding skm There was no wheeling 
on the legs below the water hue Half an hour later, the eruption was 
subsiding The patient said that she had never before experienced so severe 
an attack 


General remarks 

In this group of 6 patients, whose histones are all very similar, a 
characteristic type of urticana is regularly provoked by emotion, exercise 
and by warmth Five of the patients are between the ages of 18 and 22 
years, while one is 33 years , five are females The duration of their com- 



URTICARIA OF NERVOUS ORIGIN. 


250 


plaint ranges from 4 months to 8 years Only one, Case 6, can suggest an 
origin for the urticaria , in Ins case it followed a month after sunburn It 
is of interest to note that in four cases, there is a family history of asthma, 
hay fever, urticaria or eczema 

A number of previously recorded cases are apparently of the same 
type, for example, those of Prins (15) (female, aged 15), von de Roemer (16) 
(male, aged 21), Vallery-Radot and others (17) (female, aged 30 , male, 
aged 25), Drake (3) (female, aged 30), Duke (4) (“ urticaria calonea,” male, 
aged 22), Harris (5) (Case 14, male, aged 24) and Marchionim and Ottenstein 
(13) (female, aged 18) Several of these authors have provoked the attacks 
by exercise and warmth Duke (4) notes that m his case the apphcation 
of hot water, the mtrogen lamp or diathermy to the skin, caused a general 
urticaria , he remarks that the urticaria is evidently reflex m origin since the 
nitrogen lamp provoked a general reaction although the circulation to the 
arm exposed to the lamp was occluded Duke (4) also noted that an attack 
could be cut short by cold air or water or ice Marchionim and Ottenstein 
(13) failed to produce a local urticana with a lamp, but readily induced 
general urticaria by a sweat bath, or by giving pilocarpine intramuscularly 
The repetition of the sweat baths seemed to lead to a lessening of the attacks 
Hams (5) provoked the urticaria by a hot air bath combined with pilocarpine 
As a result of their observations, Marchionim and Ottenstein (13) attribute 
the urticana mainly to a sensitivity of their patients skin to sweat 

The -urticaria arises through the. -peripheral nerves 

In the observations now to be descnbed, we have provoked urticana 
by immersing the legs m hot water If the circulation to one arm is arrested 
and the legs are heated for about half an hour, a general urticana develops 
except on the ischaunic arm If warming is stopped, the patient cooled, 
and the circulation restored when the rash ib subsiding, then a very intense 
urticana qmckly develops on the previously ischaemic arm For example, 
m Case 1, the circulation to the nght arm was arrested by a cuff at a pressure 
of 160 mm Hg and the legs immersed in water at 45°C After 12 minutes’ 
warming, the skin was flushed and sweating, flares and wheals were beginning 
to develop After 26 minutes’ warming, a profuse eruption was present on 
the body and left upper arm , it was sparse on the left forearm The feet 
were removed from the water and the patient cooled in a draught of air 
At 30 minutes, sweating had ceased , at 34 min utes the patient said she felt 
cool, and the urticana was subsiding The ischaemic arm was cool, cyanosed 
and showed many Bier’s spots At 35 minutes the circulation was restored 
to this arm A bnght reactive hyperremia qmckly spread over the limb and 
AYithin 3 minutes many wheals were developmg all over the deeply flushed 
skin (except on the palm of the hand and fingers) nght up to the line marking 
the upper margin of the occluding cuff , the patient complained of an intense 
burning feeling in the arm Over the area where the cuff had been, the 
wheals were more numerous than elsewhere and, as they developed, became 
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confluent so that here the arm was encircled by a broad band of wheahng 
Below the lower margin of the cuff the wheals were less numerous and remained 
more discrete but the eruption here was also much more profuse than it had 
been on the other arm The palm of the hand and fingers remained un- 
affected At no time during the observation was there obvious sweating 
of the nght arm No fresh urticana appeared on the body after the release 
of the arrested circulation Tlus observation has been repeated several 
times on Cases 1, 2 and 3 and each time with essentially the same result 
Control observations have shown that arrest of the circulation alone, without 
warming the legs, does not provoke the urticana 

That the local eruption appears so quickly on restoring the circulation 
at a time when the general eruption is subsiding, and that it is more intense 
than it was on the other arm, seems to show clearly that H-substance is 
released in the skin of the arm while its circulation is arrested, and m response 
to warming the legs Further evidence of the release of H-substance during 
occlusion is obtained by first congesting the arm before arresting its 
circulation and repeating the experiment ]ust described When the 
urticana begins to develop on the free arm, then, but not until then, numerous 
bluish spots of local vasodilatation appear in the skm of the congested and 
occluded arm These spots increase in number and diameter during occlusion 

and, when the circulation is restored, they are found to mark the places 
where the wheals will quickly appear For example, m Case 2 the left arm 
was congested at 30 mm Hg for 3 minutes and the circulation arrested by 
raising the pressure to 160 mm Hg The skin of the arm was well congested, 

colour returning quickly to an area blanched by pressure The body 
was covered with blankets and the legs immersed in water at 46°C (zero 
time) After 11 minutes, the patient was warm and flushed and wheals 
were developing on the body At 16 minutes, wheals began to form on the 
nght forearm and minute bluish spots appeared m the congested skm of the 
left forearm At 19 minutes, these spots were numerous and those first 
appearing had increased m size Warming was stopped and the patient 
cooled by immersing the legs m cold water and opening the loom windows 
At 24 minutes, the patient felt cool and her skm was dry The numerous 
blue spots were clearly visible in the congested skm , some were marked in 
ink At 26 minutes, the circulation was restored and a bright reactive 
hyperromia at once spread over the arm Between 26 and 27 minutes, many 
wheals formed on the left arm, and each spot marked in ink became the site 
of a wheal Wheahng on the arm was at its height at 30 minutes , as usual 
it was much more profuse than it had been on the free arm, specially on the 
site of the occluding cuff Similar observations were made on Cases 1 and 3 
It follows that the H-substance must be released m the skm through the 
peripheral nerves, for the nerves constitute the only functional connection 
between the ischaemic skm where H-substance is released and the body where 
the stimulus is applied Proof of this is supphed by observations on Cases 
1, 2 and 3, by which it was shown that blocking of a outaneous nerve prevents 
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m its area of distribution the development of the urticaria m response to 
vanning the legs For example, in Case 2 the position of the internal 
cutaneous nerve above the right elbow was defined by local faradism The 
circulation to the arm was arrested at a pressure of 160 mm Hg (zero tame) 
and 6 o c of 6 per cent procaine were injected around the nerve, the injection 
being completed by 2 minutes At 6^ minutes, full ansestliesia was estab- 
lished and extended from around the site of injection above the elbow down 
the ulnar side of the forearm On the flexor aspect, the margin of the 
completely anaesthetic area was remarkably sharp and roughly bisected this 
surface Its margin on the extensor aspect was bordered by patches of 
partial anaesthesia The legs were immersed m water at 46°C The usual 
general reaction followed and at 25 minutes, there was a profuBe urticaria 
on the face, body, left arm, and thighs The legs were withdrawn from the 
water at 26 minutes At 27£ minutes the circulation was restored to the 
nght arm A bright reactive hyperaemia quickly spread over the arm equally 
on the anaesthetic and on the sensitive skin At 29 mmutes, wheals had 
appeared all over the previously occluded part of the nght arm except on the 
anaesthetic area At 32 minutes, the reactive hyperaemia began to pale on 
the anaesthetic area on which no flares, wheals, or red spots were seen The 
eruption on the much flushed sensitive skin was as usual much more profuse 
than on the other arm, and specially at the site of the occluding cuff At 
41 minutes, the anaesthetic area was pale, unspotted, and unwhealed, and 
contrasted strikingly with the deeply flushed and much whealed surrounding 
skin At 60 minutes, sensation had returned to the forearm but no urticaria 
had developed on the previously anaesthetic area , the eruption elsewhere 
had largely subsided 

We may accept, then, that the urticaria appearing m response to warming 
the legs is due to the release of H-substance in the skin through the peripheral 
nerves Since arresting the circulation to the warmed limbs prevents the 
appearance of the urticaria, we conclude that the warm blood, returning 
from the limbs, stimulates some central mechanism (14) It seems reasonable 
to believe that the urticaria following exercise and emotion in these cases is 
due to a similar action through peripheral nerves induced centrally or 
reflexly We shall now consider what efferent nerves are involved 

The nerves involved 

Marchiomni and Ottenstem (13) provoked the urticaria m their case 
by giving pilocarpine intramuscularly , Hams (5) induced an attack by 
giving pilocarpine combined with a hot air bath We have found that 
pilocarpine given subcutaneously to Cases 1 and 2 provokes a general urticaria 
of the same type as that we have been describing The injection of normal 
saline has no effect To illustrate, Case 1 lay comfortably on a couch reading 
a book The skin v as free from urticaria The chest was exposed, the rest 
of the body covered with a blanket After 10 minu tes, the skin rem aining 
normal, 5 mg pilocarpine nitrate was injected into the right upper arm 
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(zero time) At 6 minutes, a blotchy erythema appeared on the chest, neck 
and shoulders and sweat broke out on the upper bp The erythema and 
sweating became general At 15 minutes, very many minute wheals had 
appeared all over the body and the site of injection was covered with them 
Itching was intense As usual, the palms and soles did not itch and showed 
no wheals or red spots , the axillaj also, though sweating freely, were almost 
entirely free from rash, showing only a few scattered wheals and red spots 
At 40 minutes, sweating had ceased and the urticaria was subsiding 
Throughout, the patient made no complaint , on being questioned later, 
she said she had been quite comfortable and unalarmed, though surprised 
at the appearance of the rash under these circumstances She had not felt 
sick, but her mouth had been noticed to v a ter 

In this case and Cases 2 and 3,* we found that atropme almost abolished 
the urticaria in response to warming the legs Thus m Case 1 the slon being 
free from wheals, 1 3 mg atropine sulphate w as injected subcutaneously , 
the pulse rate was then 96 per minute Half an hour later, when the pulse 
rate was 140, the mouth dry and the face flushed, the legs were immersed 
in water at 45°C (zero time) The body was covered with a blanket After 
16 minutes the patient felt very hot, but there nas no obvious sweating and 
no wheakng During the next 15 minutes, a little sweat broke out on the 
body and a few scattered wheals developed, but neither sweat nor wheals 
appeared on the face The feet were withdrawn after 30 minutes’ warming , 
no more urticaria developed 

Pilocarpine nitrate, 0 6 per cent , introduced into the skin by electro- 
phoresis provokes an urticaria limited to the area over which the electrode 
is applied (Cases 1, 2, 3, 4 and 6) For example, m Case 1, using a 
modification of the method described by Wayne (18), 0 5 per cent pilocarpine 
nitrate was ionised into the skin through a non-polansable electrode apphed 
to the skin of the forearm (anode area 4 3 sq cm , current 21 microamps, 
8 volts) Itching began after the current had been passing for 2 minutes 
and a flare appeared on the skin around the electrode When the electrode 
was removed after 10 minutes’ passage of the current, the anode area was 
deeply flushed and surrounded by a flare , minute closely set wheals soon 
appeared m this area and covered it 4 minutes after the cunent was stopped 
"No wheals appeared outside this area Under the same conditions, Ringer’s 
solution alone had no effect on the skin of these patients, while neither 
Ringer’s solution nor pilocarpine in this concentration had any effect on the 
skin of control subjects 

These observations suggest that the peripheral nerves involved belong 
to the parasympathetic system or, m Dale’s terminology, are cholinergic 
nerves Strong support for this suggestion is provided by the observation 
that the urticaria is also provoked by choline derivatives given subcutaneously 
or apphed locally Because of the uncertain action of acetylcholine given 


* In Case 3 the urticaria appeared os the effect of atropme ■was passing off 
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subcutaneously, we bare used instead earbammoylchohne chlonde (“ dorjl ” 
Merck) in doses of 0 5 mg For example, in Case 2, -which had been lying 
comfortably covered with a blanket on a couch for some time, 0 5 mg doryl 
was injected into the left upper arm (zero time) At If minutes, the face 
flushed, and this flush spread all over the body , at 2 minutes, the mouth 
began to water and at 3J, sweating broke out At 6J minutes, many wheals 
appeared on the face, neck, trunk and arms, and at 9 minutes, on the thighs 
and legs She complained of much itching, of feeling sick and faint, and of 
mistiness in the eyes , she began to shiver At 20 minutes, the urticana 
was at its height , almost the w hole body was covered with w heals winch 
in places, specially the back, had become confluent over large areas The 
palms and soles and the axilkc u ere unaffected, the axillse bemg pale At 
30 minutes, the general symptoms were passing off, at 45 minutes, the 
eruption was subsiding At 70 minutes, the patient felt normal and the 
urticaria had largely disappeared Similar observations were made in 
Cases 4, 6 and 6 Acetylcholine, 0 2 per cent in Ringer’s solution, introduced 
locally into the skin by electrophoresis, is uncertain in its action, only 
occasional^ producing urticana Addition of 0 01 per cent esenne sahcylate, 
which itself has no effect on the skm, causes wheahng (Cases 2 and 3) Doryl, 
0 05 per cent m Ringer’s solution, also regularly provokes the local urticanal 
reaction (Cases 2, 3, 4, 6 and 6) For example, in Case 2, 0 05 per cent 
doryl was ionised into the skin of the nght forearm for 10 mmutes, using 
the same anode and current strength as for pilocarpine Itching began 
and a flare appeared round the anode while the current was passing On 
removing the anode, its area was flushed and beginning to wheal and was 
surrounded by a conspicuous flare Seven minutes later, the area was 
covered with wheals , no wheals appeared outside it 

Acetylcholine with esenne, or doryl, so introduced into normal skins pro- 
duce only a local reddening, lasting 10 to 15 mmutes, without flare or wheal 

Viewed m the hght of current physiological conceptions, these observa- 
tions strongly suggest that the urticana m our patients is due to the release 
of acetylcholine m the skm as a result of the stimulation of cholinergic 
nerve fibres The release of acetylcholine m turn leads to the liberation of 
H-substance from skm cells 

So far u e have not been able to determme the course pursued by these 
nerves from the centre to the periphery, whether they belong to the sensory 
or sympathetic groups We have m mind the possibility of preventing the 
development of the urticana on one part of the skm either by anaesthetising 
sympathetic gangha by a paravertebral injection on one side or by paralysing 
sensory nerves with a low spinal ansesthetic , we have not yet had the 
opportunity of making these observations * According to present knowledge, 

•We ha\e on two occasions m Cose 2 attempted to block, the sympathetic ganglia at the 
root of the neck by injecting procaine but without success Wo have also noted urticana of this 
type m a girl, aged 19, m whom a bilateral sympathectomy had been performed for se\ere 
acrocyanosis. This case, howeyer was like Case 6 of our senes , the urticanal attacks, provoked 
by warming for even an hour, were only slight and confined to the upper part of the trunk 
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the nerves involved might belong to either group The sympathetic fibres 
to the sweat glands are probably cholinergic as also probably are the 
sympathetic vasodilator fibres to the slun, for the existence of which there is 
some evidence in man (12) Again, the so-called antidromic stimulation of 
the sensory nerves leads to cutaneous vasodilatation which is attributed by 
Lewis and Marvin (11) to the release of a stable vasodilator substance, 
probably H-substance, in the skin , whether this substance is released 
directly or indirectly through the initial release of acetylcholine is unknown 
Another example of cutaneous vasodilatation arising through stimulation 
of sensory nerve fibres is the flare (8) , Dale (2) suggests that this dilatation 
is due to a release of acetylcholine from the effector endings of the nerve 
fibres * 

Although the anatomy of the nerves involved in these cases remains 
undetermined, our observations give no ground for believing that their 
activity is in any way abnormal We have seen that the nerves are probably 
cholinergic , the choline derivatives, acetylcholine and doryl, provoke a 
local urticaria when introduced by electrophoresis m concentrations that do 
not provoke urticaria m normal subjects It seems, therefore, that the 
skin of these patients responds abnormally to a normal release of acetyl- 
choline at the nerve endings Again, since pilocarpine is known to produce 
its effects on the slon after nerve degeneration, we must assume that the 
abnormality lies distally to the nerve endings As we shall see later, an area 
of skin once whealed in response to nerve stimulation, is, for a time 
unresponsive not only to further nerve stimulation but to pilocarpine or 
doryl introduced This unresponsive state again points to an abnormal 
condition of the skin cells We may accept, then, that the abnormality 
m these cases lies m the slon and not in the nervous system 

We proceed to consider further observations 

Further observations 

Effects of local blood flow on the urticaria At one stage of our investiga- 
tion, we had the idea that the urticaria might be due to some abnormality 
of the sweat, f and we thought that if the sweat w ere prevented from escaping 
freely from the ducts, it might more thoroughly permeate the epidermis and 
so increase wheabmg We found m fact, that when an area of skin is painted 
with collodion before sweatmg is induced by warming the legs, then when 
the collodion is removed after warming is stopped, many more wheals 
develop on that area than on the surrounding skin or on the corresponding 
area on the other side of the body The wheals are often so numerous that 
the site of the patch becomes completely whealed Dor example, in Case 1, 
two patches of skin, about 4 cms square, were painted with collodion solution 

* On many occasions in our cases we liave provoked conspicuous flares on the skin by pnoking 
in histamine and morphine and by faradism , we lia\ e ne\ er seen wheals develop m these flares 

f See Appendix, page 271 
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When this -was dry, the legs were immersed in water at 45°C (?ero time) 
At 11 minutes, the patient was sweating freely and scattered w heals wore 
appeanng on the trunk and limbs At 17 minutes, conspicuous red flares, 
2 cms wide, had developed, and persisted, around the collodion patches, 
between which and the reddened skin a few beads of sweat were confined 
At 30 minutes, warming was stopped and the patches removed, partly by 
stripping and partly by ether Many wheals quickly developed and, 10 
minutes later, both areas of skin were completely wbealed We hai e made 
this observation repeatedly on all our cases and with the same result , many 
more wheals appear on the site of the patch than on the surrounding skin, 
though they are not always so numerous as in this instance Other observa- 
tions, however, lead us to attribute this result, not to the confinement of 
sweat, but m largo part to a reduction of the blood flow preventing the 
removal or destruction of released substance The intensification of 
w healing does not seem to be due to adding a factor of injury to the nervous 
element responsible for the urticaria , the apphcation and removal of collodion 
without warming the body does not wheal the skin None of our cases display 
urticaria factitia , we have firmly stroked the skin, before and at intervals 
during warmmg, without provoking wliealing along the line of the stroke 
The collodion m drying contracts and draws the slon together , m one instance 
the dry collodion patch removed entire measured 20 by 30 mm , while the 
skin area on w hich it was painted measured 33 by 37 mm That it constricts 
the skin vessels is shown by the narrow zone of pallor that comes around it 
as it drys We estimate the constricting pressure exerted by the collodion 
to be of the order of 60 mm Hg For, on the one hand although the 
H-substance is released m the skin under the collodion patch, the wheals 
do not form until after its removal Lewis (7) showed that pressures of 
about 30 to 50 mm Hg are required to be apphed to the skin to prevent 
wheals appeanng On the other hand the pressure exerted by the collodion 
is insufficient to prevent the vessels dilating when H-substance is released , 
the zone of pallor is replaced by a flare and the skin beneath the patch becomes 
reddened According to Lewis and Haynal (7), the minimum values for the 
pressure in the minute vessels during a bright histamine flare are about 
60 to 60 mm Hg In our cases, the pressure m the minute vessels is 
probably higher than this, because m addition to the pressure produced by the 
local vasodilatation due to H-substance release, there is also the extra 
pressure produced by the opemng up of larger vessels through the inhibition 
of vasomotor tone m response to body warming Again, wheahng is more 
profuse on the site of a cuff apphed during body war min g at a pressure of 
only 60 mm Hg, the wheals developing after the removal of the cuff We 
have also repeatedly seen intensification of wheahng on any part of the body 
subjected to pressure while the legs are warmed , for example, wheahng is 
more profuse where the patient has leaned against a chair, and where the 
skm has been pressed on by closely fitting clothing Moreover, if the local 
blood flow is reduced, not by pressure but by immersion m cold water. 
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20 to 26°C , there also wheals are more numerous On the other hand, if 
the local circulation is greatly increased by immersion in hot water, whealmg 
is abolished or very greatly reduced The absence of whealmg on heated 
parts has already been noted , usually no v heals form, but we have occasion- 
ally seen a few reduced wheals develop on a heated arm when the wheals 
are very profuse elsewhere The difference between the whealmg on an arm 
immersed m hot water and on one either immersed m cold water or to which 
the circulation is arrested is conspicuous For example, in Case 1, the right 
arm w as immersed in water at 26 °C , the left arm and both legs were 
immersed m water at 45 °C The usual urticaria followed after a few minutes 
A moderate eruption came on the body and arms down to the lines of 
immersion , none appeared on the w armed parts Below the cold water 
hue, the right arm became profusely \\ healed, many wheals came on the 
back of the hand and a few on the fingers None appeared on the palms 
After 39 minutes’ warming, the limbs were withdrawn from the water 
The patient then complained of an intense burning feeling m the right arm 
where the wheals had coalesced over large patches The left arm and legs 
remained free from w heals Immersion of the arm in cold water alone 
without warming the body, did not provoke whealmg 

Lewis and Grant (8) have previously 6hown that if histamine is pneked 
into, or if H-substance is released m, skin to which the circulation is greatly 
increased, the subsequent w healing is either abolished or greatly reduced 
They concluded that the substance introduced or liberated is washed away 
before it can act effectively on the vessels They also showed that it is held 
m situ by circulatory arrest or cooling The observations recorded above 
are in agreement with this 

In our cases w e know that the release of acetylcholine precedes that of 
H-substance The effect of blood flow on whealmg may be due, therefore, 
to change of concentration of either acetylcholine or H-substance 

Effect of a previous attack While the local state of the circulation is 
one of the chief factors modifying the urticanal response, another is the time 
interval since, and the seventy of, the last attack of urticana Marchiomm 
and Ottenstem (13) remarked in their case that repetition of the sweat 
baths seemed to lead to a lessening of the urticana In all our cases we have 
noted a very definite, though temporary diminution m the urticanal attacks 
when the stimuli are too frequently repeated The diminution is the more 
conspicuous the greater the initial response for each individual Thus, in 
the severe cases, shght attacks, m which only a few wheals develop, can be 
provoked repeatedly during the day A moderate attack, induced for 
example by warming the legs for 20 to 30 minutes, can be provoked daily, 
but if the same warming is given in the morning and afternoon of the same 
day, the urticana m the afternoon is less than that of the morning A 
severe attack, m which most of the skm is whealed, such as is caused by 
warming the legs for an hour or by the subcutaneous injection of 0 6 mg 
doryl, can only be reproduced after an interval of about 2 days For example, 
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in Case 1, an hour’s w arming provoked the severe attack already described 
on page 2 r >8 The same warming on the ne\t day produced only a slight 
attack , on the third day x cry few wheals developed and on the fourth day 
these were confined to the upper part of the trunk, the head and limbs 
remaining unaffected On repeating the warming a week later, a severe 
attack followed The patient said that she had never before been so free 
from spots as during that week and that she had been able to take much 
more exercise without experiencing the rash So also m Case 6, m which 
the attacks were nexer more than slight, warming for an hour on three 
succcssn e daj s led to the almost complete disappearance of the urticaria , 
wo found that the maximum response to warming, exercise or doryl, could 
bo proxoked only when he had avoided exercise and hot baths for the 
preceding two or three days 

So great is the diminution of the urticaria following an attack provoked 
by an hour’s w arming of the legs or by the subcutaneous injection of 0 6 mg 
doryl, that we liaxe used this as a therapeutic measure, to give the patient a 
period of relief from the troublesome rash For example, in Case 2, a severe 
attack w as induced by w arming for an hour The next day this patient was 
able to dance throughout the evening w hich previously she had been unable 
to do on account of a profuse rash developmg rapidly Two days later, 
she skipped vigorously and, as usual, provoked a severe eruption This 
patient now regularly provokes an attack by skipping before a dance 

This general diminution of the urticaria is, at least m part, an expression 
of the fact that any part of skin once wheeled tlirough the nerves, or by the 
general or local administration of doryl or pilocarpine, fails again to respond 
by w healing until after an interval of about two days So that the more 
numerous the w heals provoked on an area of skin by any of these stimuli, 
the fewer are the wheals that will develop there in response to any, again 
applied within that period Thus, where, m an attack induced by warming 
the legs, an area of full wheahng occurs at the site of an occluding cuff or a 
collodion patch, that site shows little or no urticarial response either if the 
legs are again warmed and a cuff or collodion is re-apphed, of if doryl or 
pilocarpine is introduced generally or locally within two days , the surround- 
ing skin, not having been completely whealed, wheals more or less profusely, 
according to the degree of the initial response On the other hand, where, 
as in the experiment described on page 261, an area has escaped wheahng, 
that area, and that only undergoes profuse wheahng subsequently 

The failure of an area to wheal again is not due to the vessels being 
refractory to histamine After the original w heahng has subsided, the area 
wheals as well as does the normal skin of a control subject to 1 m 10,000 
histamine base pricked in It is not due to lack of H-substance in the skin 
cells, for the skin wheals normally when injured, as by pricking in morphine 
For example, m Case 2, an area of skin on the right upper arm was painted 
with collodion (to intensify wheahng locally), and a moderate attack of 
urticaria was provoked by warming the legs Wheahng became full on the 
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collodion area , there -were only scattered -wheals on the surrounding skin 
The next day, the skin being apparently normal, 1 in 10,000 histamine base 
and 0 1 per cent morphine tartrate -were pncked, each at 3 spots, into the 
skin, both -within and around the area which the day before had been covered 
by the collodion and fully whealed Wheakng was normal in all the pncked 
spots Pilocarpine, 1 per cent , was then ionised into the skin outside the 
collodion area, and produced the usual wheeling Inside the collodion area, 
it provoked no obvious reaction Moreover, refractonness, as onginally 
descnbed by Lewis and Grant (8), involves only the absence of whealmg in 
response to further histamine introduced or H-substance liberated, the local 
vasodilatation and the flare develop as usual When wheakng fails m our 
patients, as for example on rewnrmmg on the day after a severe attack has 
been induced, the skin previously whealed, and now remaining unwhealed, 
is no more flushed than that of normal subjects similarly warmed It seems, 
therefore, that recently u healed skm fails to wheal again because H-substance 
is no longer liberated Further, this failure of H-substance to be liberated 
as usual, cannot be attributed to failure of acetylcholine to be released from 
the nerve endings, for H-substance is not liberated when doryl is introduced 
into the skm We may say, therefore, that H-substance is not released 
because the skm cells have become unresponsive to acetylcholine In 
support of this, it is to be pomted out that for the development of unres- 
ponsiveness it is unnecessary that wheeling should take place We have 
shown that when the urticaria is provoked by warming the limbs, little or 
no wheakng occurs on the warmed parts, presumably because the released 
H-substance is removed too quickly to allow it to act on the vessels But 
the skin of these warmed parts, when tested later, is found to be about as 


unresponsive as Bkm on which wheakng has been profuse 

We must distinguish clearly between failure of wheakng due to 
refractoriness and that due to unresponsiveness Refractonness, as originally 

descnbed by Lewis and Grant (8) is a phenomenon of the vessels , it does 
not persist for long, there is a fairly prompt recovery On the other 
hand, what we have called unresponstveness applies to the skm cells, and 
persists for about two days Both refractonness and unresponsiveness 
can be displayed m our cases as follows Thus, when the circulation to an 
arm is arrested while the legB are warmed for 20 to 30 minutes then, on release 
of the circulation, profuse wheakng comes on the arm If, however, the 
ischaemic arm is immersed m water as hot as can be borne, 40° to 43 C , 
while the legs axe warmed, no wheals form when its circulation is restore 
after withdrawing the arm and legs from the hot water This failure o 
whealmg on the warmed and oocluded arm is due to the vessels having become 
refractory That H-substance has been released is shown by the numerous 
local red spots that become defined as the liypenemia, due to the occlusion 
and warming, subsides Tins refractonness soon passes off, for full whea g 
follows when histamine or morphine is pncked into the skm of the arm 
soon as the reddemng has subsided But when the legs are warmed e , 
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or the next day, or doryl injected subcutaneously, few or no wheals, flares 
or red spots develop, the slnn remaining unresponsive 

We have observed a similar condition of unresponsiveness of the skin 
m a colleague sensitive to pollen On two occasions areas whealed by the 
mtradermal injection of pollen extract gave much reduced wheeling to this 
24 hours later, though they whealed normally to histamine and morphine 
pncked in According to present conceptions, this reduction of the urticarial 
response to pollen extract may be attributed to a temporary desensitisation 
of the skin cells The first injection of pollen antigen uses up pollen antibody 
m the skm cells and time is required for the re-formation of new antibody 
It is tempting to regard the unresponsiveness m our cases as being of a similar 
nature We might say that the urticaria is due to the skm cells having 
acquired a sensitivity to acetylcholine and that when the cells once react 
with it this sensitivity is discharged and requires a period of about two days 
for its re-establishment There is evidence that the unresponsiveness is 
to some extent specific for the stimulus provoking it Thus we found that 
Case 4 of our senes suffered not only from the urticana of the type we have 
been descnbing, but also from an urticana in response to cold We were 
led to test the effect of cold on her skm by several unusual features m her 
case She had on one occasion suffered from swelling of the bps on eating 
ice cream She was certain that her worst attacks were expenenced when 
sea bathing, although she was not taking vigorous exercise On leaving the 
hospital after a severe attack had been mduced by warming the legs, Bhe 
found that the rash recurred on her face on going out into the cold wind 
She stated that she had often noticed the rash develop on parts exposed to 
cold We found that the application to the skm of water at a temperature of 
16°C for 6 minutes caused almost the whole area to wheal * We found 
further, that though a severe attack induced by warming the legs rendered 
the skm unresponsive to further warming or to doryl, the skm still whealed 
fully to cold Also, skm whealed by the application of cold did not become 
unresponsive to further cold The same area retested by cold 24 hours 
later, when the original wliealing had subsided whealed again fully This 
lack of unresponsiveness to cold agrees with the previous observations of 
Hams, Lewis and Vaughan (6) It is clear that m regard to unresponsive- 
ness the two types of urticana are distinct We have examined a case of 
urticana faotitia from this point of view and we find that an area whealed 
by stroking the skm wheals agam fully when stroked as soon as the 
ongmal wheal has subsided Blum, Allington and West (1) find that 
m a case of urticana due to hght, repeated stimulation of the skm does 
not seem to lead to a lessening of the urticana Further observations on 
unresponBiveness are required We may say, however, that we regard the 
interchangeability of nervous activity and a choline denvative, doryl, to 


* Note that Case 3 also gave a lustory of having suffered for a time from swelling of the face 
on going out into the cold Neither this nor the other cases of our senes showed wheahng of the 
skin immersed in cold water or cooled by contact with ice 
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provoke and display unresponsiveness, as further evidence that the 
urticarial attacks in our cases are due to the stimulation of cholinergic 1 
nerves 


Discussion 

Prom what has been said in the preceding pages, it will be realised that 
when the cholinergic nerves are stimulated to activity, the urticarial response 
depends on several faotors It depends on the distribution and degree of the 
nervous activity, or m other words, on the site and amount of the acetyl- 
choline released in the skin It depends on the time since, and the seventy 
of, the last attack of urticana for this, by modifying the responsiveness of 
the skin cells, affects the amount of H-substance released It depends also 
on the local state of the circulation, for this modifies the effect of liberated 
H-substance on the vessels There is, however, at least one other faotor, 
and this, for want of clearer understanding, we may descnbe as the distribu- 
tion and degree of the sensitivity acquired by the skm cells to the products 
of nervous activity Thus, m our severe cases, even prolonged warming or 
strenuous exercise fails to provoke urticana in the axiHre or on the palmB 
and soles, while it is always sparse on the backs of the hands and feet This 
cannot be attnbuted to absence or sparseness of the nerve supply in these 
parts, for it happens also when doryl is injected suboutaneously It must 
depend, therefore, on some factor in the skm In the case of the axilla, 
this factor may be that H-substance here released does not Bhow itself as a 
frank urticana, for 1 in 10,000 histamine base pncked into the epilated 
axillm provokes very little recognisable wheeling or reddening In the palms 
and soles, however, though wheeling to histamine is barely recognisable, 
local red spots can be seen and itching is considerable We know, also, 
that m other types of so-called spontaneous urticana, wheeling of the palms 
and soles frequently occurs and itching is often a troublesome feature 
During urticanal attacks we have never witnessed wheeling or local red spots 
develop in the palms of our cases and none has ever expenenced itching 
here Moreover, m Case 6, the sensitivity of the akin seems to be confined 
to the trunk Urticana never develops on the arms or thighs in response 
to warming the legs or to exercise, even when collodion patohes are applied 
It also fails in these regions when doryl is injected suboutaneously or introduced 
locally by electrophoresis Further, the urticana on the trunk is never so 
profuse as in the other cases, even when collodion is apphed or doryl locally 
introduced We may say, then, that this case displays a sensitivity not 
only more localised but also less in degree than that of the other cases . 
Case 3 is intermediate between No 6 and the remaining 4 cases * 


* Note added *n proof stage { June, 1936} We have since observed five other cases (four 
females and one male, whose ages range from 17 to 34), so that this type of urticana is not 
uncommon One of the cases, a girl of 21 years, is unusual m that flares and wheals, 
accompanied by itching, develop on the palms of the hands in response to warming the body , 
this case also displays mOd factitious urticana. 
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Summary and conclusions 

1 A group of six oases is described showing a very characteristic 
type of urticaria 

2 The urticaria is provoked through efferent peripheral nerveB when 
these are stimulated by emotion, by exercise, or by warming the body 

3 The efferent nerves are very probably cholinergio, since the urticaria 
can be provoked also by the local or general administration of pilooaipine 
or oholine derivatives The anatomical distribution of these nerves is 
undetermined 

4 The abnormahty in these oases lies m the skin and not m the 
nervous system 

6 There is no evidence that the sweat glands are concerned 

6 A condition of unresponsiveness of the skin cells is described and is 
to be distinguished from refractoriness of the vessels 

OBSERVATIONS ON SWEATING 

We have already noted that Marohiomni and Ottenatem (13) attributed the urticaria, at 
least in part, to sensitivity of their patient's skin to sweat They found that her skin, when 
scarified, gave a positive reaotion to her own and a normal subject’s ‘'eknne ” sweat, applied as a 
patch test , it reacted hardly at all to “ apocreine ” sweat, thus apparently accounting for the 
absence of urticaria from the axdlee Normal skin gave no reaotion It is to be remembered that 
in our oases, not only the axiUtc, but also the palms and soles are spared , wheeling is sparse on the 
backs of the hands and feet, fingers and toes This distribution cannot be accounted for by what 
is known of the anatomical distribution of the different kinds of sweat glands, though the 
apocreine glands are apparently confined to special areas including the axillm and the pubic 
region, we cannot find it stated that the eknne glands are there absent or much reduced m number , 
many eknne glands are present in the palms and soles Apart from these special regions, there 
does not seem to be any close relation between the outbreak of sweat and the development of 
wheeling At one time the urticaria may be well developed before sweating is profuse , at 
another the reverse may be found , whealing does not occur over every active gland These last 
observations do not, however exclude a relationship between sweating and the urtieana, the 
discrepancies might be accounted for by local factors other than distribution of sweat glands, by 
differences of local blood flow, or previous wheeling not recovered from Agam, we have not 
observed sweating to occur in areas whealed by the local application of doryl or pilocarpine, 
even when as sometimes happens, there is an interval of 5 to 15 minutes between the removal 
of the electrode and the beginning of whealing There is no obvious sweating on an arm rendered 
lschtomio or after its circulation is restored, yet whealing is profuse 

In view, however, of the findings of Marohiomni and Ottenstem (13) we have made 
observations on the sweat of ourselves (BBF and R T G ) and of Coses 1, 2 and 3 In these 
observations sweating was induced by worming the legs and sweat was collected m two ways 
Successive small samples from one part were obtained by scraping the run of a beaker against 
the Bweatmg skin, the subjeot being enclosed m a tent to lessen evaporation Larger quantities 
were obtained by enclosing the arms and body from neck to waist m a waterproof jacket provided 
with an outlet , the jacket being loosely drawn together at the neck and closed round the waist 
by a rubber bandage The reaction of the sweat samples was estimated by the oapillator method 
(British Drug Houses, Ltd ) 

According to Whitehouse (19), the reaotion of sweat as secreted from the glands is slightly 
alkaline, the ordinary acid reaction being due to substances given oS from the general surface 
of the epidermis We have confirmed his observation that if the skin is well washed with distilled 
water before sweating is induced, the reaotion of the sweat is slightly alkaline (pH 7 3 to 7 5) 
We have found further that when without previously washing the skm, successive samples are 
collected from one part the reaction of the samples changes from acid to alkaline as sweating 
continues Thus, m one control subject, the reaction of sweat from the forehead was 6 3m the 
first sample taken as sweating broke out m subsequent samples it became progressively less 
acid until in the last, taken after 20 minutes sweating, the reaotion was 7 6 The sweat so 
collected is turbid from epidermal debris , tins turbidity is removed, m great part by filtering 
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through paper, and entirely by passing tho sweat through a Seitz bacterial filter We have 
repeatedly injected 0 02 o o of samples of sweat mtradormally into our patients and ourselves , 
tho sweat being filtered and unfiltered, undiluted or diluted with cither normal saline or buffer 
phosphate solution, and injected os soon os collected or after intervals up to 4 days, the samples 
being kept m a refrigerator Tho dcgrco of the skm reaction to injected sweat, we have estimated 
from tho diameter of tho flare and tho increase in tho diameter of the wheal, measured at the 
height of the reaction In this way, wo have obtained no indication that the sweat of the 3 
patients differs from our own or that our patients' skins aro unusually sensitive to their own or 
to our sweat Tlio reaction of tho sweat, its filtration, and tho time interval between its collection 
and injection makes no material difference in tho reactions observed m our patients or ourselves 
There is no difference between tho sweat collected from a patient in whom the skm is responsive, 
and unresponsive Washing one half of our patient's skm beforehand, to remote the acid cloak, 
has not altered tho subsequent urticnna, tho whoals being as profuso on the washed as on the 
unwashed side While there have been slight variations from time to time, tho reactions of any 
ono of the 6 individuals to intradormal injoction has been tho same to sweat from that individual 
and from any of tho others , tho reactions of Case 2 have been greater than those of Cases 1 and 3 
and the reactions of R T G greater than those of R B P , tlioso of Cases 1 and 3 were equal to 
those of R B P and those of Caso 2 to tlioso of R T G Undiluted sweat provoked little or no 
reaction in Cases 1 and 3 and R B P , in both Case 2 nnd R T G it provoked Sores of about 
BO mm diamoter and an increase of wheal size of 3 mm , lm 10 dilutions sometimes caused 
smaller reactions whilo 1 m BO dilutions enused none In all subjects, unfiltered and undiluted 
sweat leaves an area of redness, tenderness nnd swelling, persisting for several days, duo probably 
to its content of debris and bactenn , with Seitz filtered sweat, only a red spot remains for 24 
to 48 hours aftor tho subsidenco of tho initial wheal 

These observations provide no evidence that tho urticaria m our cases is duo to oither an 
abnormal quality of their sweat or to an abnormal sensitivity of tlieir skins to normal sweat 
On the one occasion on which vvo tested it, tlioro was no difforenco between the effect of sweat 
collected from tlio axilltu nnd tho back It is to be remarked that if our observations had been 
confined to ono cose, Caso 2, and ono control Bubject, R B P , tho greater Bkin reactions of Case 2 
might liavo led us to a different conclusion If there is on intermediate link in tho chain of events 
between tlio release of acotylcholino from tho none endings and tho liberation of H substance 
from tho skm cells, wo hare no ovidonco that tins link is activity of the sweat glands 
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OBSERVATIONS RELATING TO THE INNERVATION OE THE 
SWEAT GLANDS OP THE PAGE 

By W C WILSON * 

( From the Department of Surgery, University of Edinburgh) 


In a previous publication (14) I reported observations on sweat secretion 
in man with reference to the action of pilocarpine and the innervation of 
the sweat glands The observations appeared to furnish evidence against 
the behef that the human sweat glands have a double innervation Further 
investigation, however, has brought to light some facts which point to a 
different conclusion, as regards at least the sweat glands of the face The 
investigation is recorded m this paper 

Por an account of the literature on the nerve supply to the sweat glands 
reference should be made to the monograph of Kuno (9) I have previously 
(14) reviewed briefly the evidence relating to the behef that in man the 
sweat glands have a double innervation A further account may be inserted 
here 

The sweat glands are supplied by secretory fibres which run in the 
sympathetic division, or thoracico-lumbar outflow, of the autonomic nervous 
system It is established beyond doubt that when the sweat centres are 
stimulated by heat or exercise the efferent impulses travel by the sympathetic 
secretory fibres, and by these fibres only The same probably holds for 
emotional stimulation The evidence for a second, or “ parasympathetic,” 
set of fibres to the sweat glands has not up to the present time been 
convincing The evidence consists of two mam parts (a) the action of 
pilocarpine, and (6) the effects of injecting drugs into the oerebral ventricles 

After the sympathetic nerves to an area have degenerated the area 
may still sweat m response to pilocarpine, and, m fact, the response is some- 
times excessive After, however, degeneration has occurred of a mixed 
penpheral nerve, eg , a nerve of a limb, pilocarpine fails to produce sweating 
in the area of distribution of the nerve (8) The conclusion has therefore 
been drawn, despite the evidence to the contrary from animal experiment 
(1, 10), that m a mixed penpheral nerve there are some secretory fibres 


* In receipt of a part time grant from the Medical Research Connell The cases described 
in this report were all under the charge of Mr N M Dott I am indebted to him and to Professor 
D Murray Lyon for the facilities for this investigation, and to Sir Henry Dale for helpful 
criticism 




274 


W G WILSON 


(other than the sympathetic fibres) on the integrity of which the action of 
pilocarpine depends The evidence is, however, unsatisfactory I have 
shown (14) that in man pilocarpine may cause sweating on the face after 
degeneration of all types of nerves to this area, and that, therefore, pilocarpine 
must act directly on the sweat glands 

The second piece of evidence is derived from observations by Cashing (2) 
He found that when generalised sweating was produced by intraventricular 
injection of pituitrm or pilocarpine, an area of skin on the face and scalp, 
to which the sensory nerves had been divided by a previous operative incision, 
remained dry Assuming that the sympathetic secretory fibres were 
distributed with the blood vessels, and that they were intact m the area 
which remained dry, he suggested that the impulses from the cerebral centre 
which had been stimulated by intraventricular injection must be conducted 
along antidromic fibres m the sensory nerves As will be recorded later, I 
have established that the sympathetic secretory fibres are distributed with 
the peripheral branches of the trigeminal nerve They would not, therefore, 
be intact in the anaesthetic area mentioned by Cushing Again the evidence 
for an accessory nerve supply to the sweat glands is unsatisfactory 

Nevertheless there is an observation by Guttmann (8) which suggests 
strongly a double nerve supply to the glands of the face His subject was 
a man m whom the cervical sympathetic trunk had been severed When 
the subject tasted vinegar, slight but definite sweating appeared immediately 
in some parts of the sympathetic denervated area As will be recorded later, 
the observation has been confirmed and studied 

I — The distribution of the sympathetic secretory fibres to the sweat glands 

of the face 

In the previous paper I showed that the sympathetic secretory fibres 
to the face were not contained in the extracranial portion of the facial 
nerve, nor were they severed m the sensory root of the tngeminal nerve 
An inconclusive observation was also reported which might suggest that 
they were distributed with the peripheral branches of the tngeminal nerve 
This fact has now been established 

Methods The integrity of the sympathetic secretory fibres to an area 
which normally sweats readily can be tested by warming the body, while 
protecting the area to be examined from the direct action of heat The 
area chosen was the forehead The test was apphed before and after division 
of the supraorbital nerve, and also after degeneration of the nerve The 
response to pilocarpine was also examined Three cases were investigated 
in which the nerve was resected while injury to the accompanying vessels 
was avoided The results were substantially the same in all cases One 
case will be quoted m detail 

Case 1 Female, aged 42 years, a case of left supraorbital neuralgia 
No feature of importance was elicited from examination of the nervous 
system 
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Before operation the sweating and flushing responses to warming the 
body were equal and simultaneous on both sides of the face Subcutaneous 
injection of pilocarpine (12 mg ) also induced symmetrical sweating and 
flushing 

First operation Anaesthesia — Omnopon gr £ suboutaneously, followed 
by Avertin per reotum No atropine or ether was administered 

No spontaneous sweating was observed during the operation At the 
supraorbital notch two diverging nerve trunks were exposed which appeared 
to be two mam divisions of the supraorbital nerve The nerves were severed, 
and the distal ends isolated and stimulated by a tetamzmg current for about 
16 seconds Sweating appeared over the forehead at 7 seconds in areas 
corresponding to the course of each nerve The supraorbital vessels were 
stimulated for one minute without causing sweating The operation was 
completed by resecting portions of the nerves 

Examination at 24 hours Fig 1 shows the sensory changes Two 
areas of anaesthesia were separated by an area with retamed sensation 



Fig 1 Cast 1 Response to beat at 24 hours after first operation Sweating areas stippled 

Evidently one branch had escaped detection In response to heating the 
anaesthetic areas remained pale and dry, while the innervated areas showed 
flushing and sweating 

Examination at 21 days (after nerve degeneration) The conditions 
were the same as at 24 hours except that the anaesthetic areas had become 
shghtly narrower In response to heatmg the anaesthetio areas remained 
pale and dry In response to pilocarpine (12 mg ) sweatmg appeared over 
the entire left forehead , the sweatmg response m the anaesthetic areas 
was diminished, while the flushing response there was more m tense than 
elsewhere 

Second operation The mam trunk of the supraorbital nerve was 
exposed m the orbit, isolated from the accompanying vessels and resected 
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Examination 3 days later Anaesthesia was present over the entire 
distribution of the nerve In the anaesthetic area there was no flushing or 
sweatmg in response to heat 

Examination 4 weeks later (after nerve degeneration) The conditions 
were the same as at 3 days The anaesthetic area remained pale and dry 
during heating Subcutaneous inaction of pilocarpine (12 mg ) produced 
sweating and flushing over the entire anresthetic area While the sweatmg 
response was delayed and greatly diminished in the area, the flushing response 
was more marked than elsewhere In fact the anaesthetic area was clearly 
defined by its pallor during heating, and equally by its flush after pilocarpine 
Comment The presence of sweat fibres m the trigeminal branches 
and the absence of sweat fibres in the peri-arterial nerves were proved by 
electrical stimulation From the responses to heating we have proof also 
that the sympathetic secretory fibres to the sweat glands of the face are 
distributed with the peripheral branches of the trigeminal nerve There 
is additional evidence which enables us further to trace their course As 
already mentioned, they are not severed in the sensory root of the 6th nerve 
Guttmann (8) lias reported that destruction of the Gasserian ganghon by 
carcinoma metastases, and also intracranial section of the 2nd and 3rd 
divisions of the trigeminal, did not alter the sweating response to heat 
Evidently, therefore, the sympathetic secretory fibres join the branches of 
the trigeminal nerve outside the skull from the carotid plexus, in wluch they 
travel after leaving the superior cervical sympathetic ganghon 

The responses to pilocarpine after nerve degeneration confirm previous 
observations and support the view that pilocarpine acts directly on the 
sweat glands Moreover, they indicate that the sudorific action of pilocarpine 
ib not directly related to its vasodilator action In this case flushing was 
intense in the area of nerve degeneration, while sweatmg was delayed and 
diminished 

II — Sweating on the face during eating in an area with intact sympathetic 

secretory fibres 

Case 2 Male, aged 40 years, a case of syringomyelia Symptoms 
had been present for about five years Examination showed disturbance 
of pain and temperature sensation as high as the third cervical nerve, but 
no sensory abnormality in the face, and no sign of sympathetic paralysis or 
paresis 

Sweating Sweatmg during eating had been present for about 6 years 
During the investigation it was found that slight spontaneous sweatmg 
was present almost constantly over the left side of the face, particularly 
on the forehead Mild apprehension, such as was occasioned by any 
procedure employed for investigation, usually caused a shght increase of 
sweatmg m this area Mild exercise had the same effeot The skin vessels 
over the left forehead were slightly dilated 
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The, stimulus Owing to the constant spontaneous sweating it was 
diffi cult to determine exactly the onset and duration of a response to stimula- 
tion Sweating invariably mcreased during eating and involved the left 
side of the face m the usual distribution, namely, the forehead, temple, 
infraorbital region, side of nose and upper and lower bps The most marked 
response was on the forehead During a large meal the patient frequently 
mopped his face to prevent the sweat running down, and the left side of the 
scalp became wet with sweat as faT back as the parietal region Any stimulus 
to salivation produced sweating, even chewing a wad of wool or smoking 
a pipe or cigarette Chewing movements were not m themselves effective , 
on the other hand, weak acetic acid m the mouth without chewing movements 
caused a marked response With a strong, or prolonged, stimulus a lesser 
degree of sweatmg appeared over the medial part of the right forehead, and 
m the right infraorbital region (Fig 2) Sweatmg was always accompanied 



Fig 2 Ccue 2 Sweating response during eating Sweating areas stippled 

by a shght, though definite, flush m the same distribution Eating a piece 
of orange was the usual stimulus employed , active sweatmg appeared in 
20 to 40 seconds and lasted for about 2 or 3 minutes 

Effect of adrenaline on the response to stimulation A small quantity 
(0 25 c c ) of adrenaline injected subcutaneously produced no definite effect 
beyond a shght increase in pulse rate (52 to 62 per min ute) No pallor was 
noted Spontaneous sweatmg ceased at 2 minutes At 4 minutes, when 
the effect on the pulse was definite, the patient ate a piece of orange , at 
6 minutes a few tmy scattered beads appeared over the left forehead 
Adrenaline thus had a strong inhibiting effect 

Effect of atropine on the response to stimulation After 1 mg atropine, 
injected subcutaneously, spontaneous sweatmg ceased at 8 minutes The 
stimulus of eating was apphed at 25 minutes, 35 minutes, 2 hours and 5 hours 
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after atropine without causing sweating A slight flush was evoked on 
occasion The usual response reappeared at 10 hours 

Effect on nerve block on the response to stimulation In all the exnen- 
merits of nerve block recorded in this paper 1 per cent novocain solSL 
without adrenaline, was employed ’ 

(i) The left supraorbital nerve was blocked with 6 cc of novocain 
Sensation to pm-pnck and spontaneous sweating disappeared simultaneously 
m the distribution of the nerve A stimulus by eating invoked sweating 
m the usual distribution except in the anaesthetic area 
(n) The left sympathetic trunk was blocked at the root of the neck bv 
20 c c of novocain At 5 minutes a well-marked Horner’s syndrome was 
observed and shortly afterwards all the signs of sympathetic paralysis of 
the left side of head and neck and of the left upper extremity At 10 minutes 
a stimulus by eating was applied The left side of the face remamed dry 
while definite sweating appeared over the right infraorbital region and medial 
part of the right forehead, which m this test served as control areas The 
usual response was again obtained at 36 minutes when the signs of nerve 
paralysis had receded 

Response to heat Over the left side of the face sweating soon became 
drenching when the body was warmed, and sweating was accompanied by 
a well-marked flushing By contrast the right side of the face showed a 

response m flushing and sweating which was very slight and certainly below 
normal 


Response to pilocarpine The sweating response to 6 mg of pilocaipme 
injected subcutaneously was unusually prompt (4 minutes) and profuse 
e response on the nght side of the face was somewhat earlier and, for 
a out 10 minutes, greater than that on the left side Ultimately sweating 
was equal on both sides 

Response to a choline ester 6 mg of acetyl-yS-methyl choline was 
injected subcutaneously Flushing appeared at 70 seconds, first over the 
left side of the face, then involving the “ blush ” area Sweating appeared, 
at 2 minutes, first and most profusely over the left side of the face 

Operation The left supenor cervical sympathetic ganglion was excised 
The results confirmed those of sympathetic nerve block At 24 hours a 
stimulus by eating produced sweatmg over the areas usually affected on 
the right side of the face, while the left side remained dry On the 7th day 
the response to heat was tested The area of sympathetic paralysis remamed 
dry As before operation the response on the right side of the face was 
very slight, though heating was continued till the sweatmg on the trunk was 
drenching and discomfort became almost intolerable On the 8th day 
6 mg of pilocarpine was injected subcutaneously , sweating on the right side 
of the face was, as before operation, early and profuse On the left side it 
was delayed and slight 

Re-exammation was earned out 4 months after operation , the results 
are discussed m a later section 
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Comment The sweat glands of the left side of the face reacted 
excessively to central stimulation, for example, m response to heat or emotion 
They were hypersensitive to the action of a chohne ester, and gave a well- 
marked response to a small quantity of pilocarpine In addition they 
reacted to any stimulus causing salivation This sweating during eating 
was obviously produced by nerve impulses, and not by a circulating hormone, 
smce the response could be inhibited over a localized area by nerve block 
The mechanism was clearly a nerve-reflex The afferent impulses passed 
by sensory nerves from the mouth while the efferent fibres were contained 
m the peripheral branches of the trigeminal nerve The effect of sympathetic 
paralysis, produced by novocam block or superior cervical ganghonectomy, 
on the response to stimulation proved that the efferent fibres were the 
sympathetic secretory fibres Atropine, as might be expected, inhibited 
the response completely , the effect was of surprisingly long duration 
The partial inhibitory effect of adrenaline may be noted The effect of 
sympathectomy was to dimmish the response to pilocarpine of the Bweat 
glands m the affected area 

The reactions of the glands on the right side of the face were curious 
These glands were abnormally sensitive to pilocarpine and abnormally 
insensitive to central stimulation by heating 


III — Sweating during eating in an area of sympathetic paralysis 

Case 3 Male, aged 40 years Following application of radium for 
angioma of the tongue the patient had developed intractable neuritis of the 
trigeminal and glossopharyngeal nerves on the nght side 

On this account the sensory root of the trigeminal nervo had been 
sectioned 4 years previously, and a few months later an extracranial portion 
of the glossopharyngeal nerve had been reseoted Subsequently superficial 
ulceration of the skin m the anaesthetic areas and corneal ulceration m 
the right eye had proved troublesome These conditions were cured by 
excision of the nght superior cervical sympathetic ganglion , the operation 
was earned out 2 years after that on the trigeminal root It is assumed 
throughout that the post-ganglionic fibres to the sweat glandB of the face 
in man arise m the supenor cervical ganglion About 10 days after 
ganghonectomy the patient noticed that sweating over the nght side of the 
face occurred during eatmg This phenomenon had persisted till the time 
of examination 

Examination revealed complete anaesthesia m the distribution of the 
nght tngemmal nerve, signs of regeneration of the nght glossopharyngeal 
nerve, and signs of sympathetic paralysis of the nght side of the face 

Stimulus As m Case 2 sweating occurred following any stimulus to 
salivation It was confined to the nght side of the face, affeotmg mamly 
the forehead and to a less extent the infraorbital region and side of the nose 
(Fig 3) The most convenient stimulus was weak acetic acid m the mouth 
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The test was earned out m the same way on each occasion The patient 
retained the acid in the mouth for 15 seconds, then spat it out and washed 
out the mouth once with water To this stimulus sweating appeared 
between 10 and 20 seconds and lasted for about 2 nunuteB It was profuse 
over the nght forehead and slight m the remaimng areas There was no 
obvious flush 

Effect of adrenaline on the response to stimulation 0 2 c c adrenaline 
was injected subcutaneously There was no change in the pulse rate The 
only effect was a well-marked pallor in the sympathetic-denervated area 
At 6 minutes the stimulus was given The response was shghtly less than 
normal 



Vig 3 Casa 3 Sweating response during eating cross patched Sweating m response to 
heat stippled ~~ 

Effect of atropine on the response to stimulation 1 mg of atropine 
injected subcutaneously annulled the sweating response completely 

Effect of nerve paralysis on the response to stimulation 2 c c of novocain 
was injected into and below the right supraorbital notch One could be 
certain that the region of the supraorbital nerve had been thoroughly 
infiltrated, although, as the area was already ancesthetic, no means of testing 
the nerve block was available There was no possibility in this injection 
of paralysing branches of the facial nerve The usual stimulus was 
administered at 10 minutes, 15 minutes and 22 minutes On each occasion 
the skin in the distribution of the nght supraorbital nerve remained perfeo y 
dry, while sweating occurred m the remaining areas usually affected^ 
Response to heat In this test the loft side of the face sweated freely, 
while the nght side remained pale and dry The distnbution of Bwea mg 
is shown m Tig 3 It may be noted that there is an overlap of secretory 
supply at the root of the nose and over a thin strip of the nght ore ea 
near the middle line This area of overlap was not involved m sweating 
of the nght side of face during eating 
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Response to pilocarpine After 15 mg of pilocarpine, injected 
subcutaneoulsy, the response in the area of sympathetic degeneration was 
early, excessive and prolonged as compared with the left side 

Comment As in Case 2 the sweat glands over a limited area of the face 
responded to any stimulus causing salivation The effect of nerve block on 
the response to this stimulation was proof that su eating was caused by nerve 
stimulation and not by a circulating hormone Again the mechamsm waB 
a nerve-reflex and the afferent impulses were carried by sensory fibres from 
the mouth for which in this case the nerves on the left side were available 
The efferent fibres were contained m the peripheral branches of the trigeminal 
nerve In this case, however, the efferent fibres were not the sympathetic 
secretory fibres, as these had long since degenerated , as stated there was 
no sweat response of the affected side of the face to body warming Thus 
we have proof in this man of an alternative nerve supply to the sweat glands 
of the face 

On the right side of the face the sweat glands were hypersensitive to 
pilocarpine and the blood vessels of the skin to adrenaline This is a property 
which is sometimes acquired by tissues to which sympathetic nerves have 
been divided 

The action of atropine is strong evidence that the efferent fibres mvolved 
in reflex sweating are cholinergic Experimental proof that the sympathetic 
secretory fibres are cholinergic has been furnished by Dale and Feldberg (41 
Case 4 Male, aged 41 years The left superior cervical ganglion had 
been excised 18 months previously for a condition of corneal ulceration 
Examination The test of warming the body confirmed the sympathetic 
paralysis of the left side of the face Sweating on eating was not ordinarily 
observed When the test of acid m the mouth was applied a few tiny beads 
appeared on the left upper lip and along the left eyebrow, t e , in the 
sympathetic-denervated area Attempts to augment the response by 
esenne were not notably successful 1 mg esenne injected subcutaneously 
produced a very slight augmentation of the response to stimulation A 
further 0 6 mg , however, caused nausea, distress and generalised sweating 
in which the sympathectomized area remamed dry This sweating was 
obviously of central origin and may have been due to stimulation of the sweat 
centre by esenne, or to a secondary effect of nausea, or to both The 
observation suggests that the “ cold ” sweating of nausea, fainting and 
shooklike conditions is of central ongin, and that the efferent fibres are the 
ordinary sympathetic fibres In this case 15 mg of pilocarpine produced 
a response in the sympathetic-denervated area less than that m normally 
innervated areas 

Comment In a second case with degeneration of sympathetic fibres 
to the face reflex sweating was demonstrated in the sympathectomized 
area The response, however, was very slight even after a strong stimulus 
The lessened response to pilocarpine in the sympathetic-denervated area 
should be noted 
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Case 2 re-examined at 4 months after the 
cervical ganghonectomy, when the sympathetic 
the face had degenerated 


operation of left superior 
nerves to the left side of 


Since operation slight sweating continued to appear during eatmg over the 
nght side of the face in the same limited area which was previously affected 
He had not observed sweatmg on the left side of the face since operation 

There was no change of note m the sensory disturbance from the 
condition at the 8th day 

A stimulus of acid m the mouth produced slight av. eatmg over the nght 
side of the face in the areas which reacted to this stimulus before operation 
In addition, however, some tiny scattered heads appeared over the left 
forehead in the sympathetic-denervated area 

The sweatmg response to 5 mg of pilocarpine was very similar to that 
on the 8th day , it was greatly diminished m the area of sympathetic 
degeneration 

Comment Agam sweatmg during eatmg occurred m an area of 
sympathetic nerve degeneration The sweating produced m this area by 
pilocarpine was less than m corresponding areas with sympathetic nerves 
intact 


In another case which was examined 4 months after superior and middle 
cervical ganghonectomy no reflex sweatmg could be induced The same 
result was obtained from tests on several cases after cervico-dorsal 
sympathectomy in which only preganglionic fibres to the face were divided 
and no degeneration followed 


Discussion 

Four examples of bv eatmg on the face during eatmg have been described 
In two instances, Case 2 (after operation) and Case 4, the sweatmg was so 
shght that a complete study was impossible The phenomenon was, however, 
investigated m Case 2 (before operation) and in Case 3 m whom the response 
was excessive Sweatmg during eatmg was proved to be a result of reflex 
action and could be induced by any stimulus which would provoke salivation 
It was impracticable, by interrupting the reflex arc on the afferent side, to 
determine the afferent pathways, which were evidently those of the salivary 
reflex The efferent pathway was, m Case 2, the sympathetic secretory 
fibres, in Case 3 some fibres other than the sympathetic It is very probable, 
though proof was not obtained, that sweatmg during eatmg m Case 2 (after 
operation) and Case 4 was also a reflex phenomenon and that the efferent 
pathway was the same as m Case 3, because m these instances the response 
involved only areas of sympathetic nerve degeneration 

Regarding the nature and origin of the alternative secretory fibres 
there are three possibilities The first is that they are sweat fibres which 
are normally distributed to the face The second is that they are secretory 
fibres normally supplying some gland, such as a salivary gland, and that, 
having been interrupted by previous injury, they have through faulty 
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regeneration grown to the skin and come to supply the sweat glands The 
third possibility is that of a reflex through the Gasserian ganghon For 
example, m Case 3 the afferent impulses might have passed from the mouth 
to the right Gassenan ganghon, there to be relaid to the face along Bweat 
fibres in the right trigeminal No reflex of this type is, however, known to 
physiology and the explanation need not he considered further 

The possibility of faulty regeneration of other secretory fibres is an 
explanation which has been suggested (6) for the “ aunculo-temporal 
syndrome,” which is that of sweating during eating localized to the region 
of the parotid gland It must be considered in Case 3 Operation on the 
sensory root of the trigeminal may have involved injury to nerves, suoh as 
the greater superficial petrosal, which contain parasympathetic secretory 
fibres, and smce, as Dale (3) points out, cholinergic fibres can always replace 
cholinergic fibres, it is highly probable that parasympathetic fibres, whether 
preganghomc or postganglionic, to any gland could replace the cholinergic 
sympathetic sweat fibres The explanation is not, however, tenable for Case 2 
(after operation) and Case 4, where the operative procedure was limited to 
removal of the superior cervical ganghon Thus it seemB reasonable to con- 
clude that the fibres conducting the efferent impulses for reflex sweating after 
sympathectomy are sweat fibres normally present in the face There is 
httle information available regarding their course The fibres presumably 
arise in the brain stem , they are distributed with the peripheral trigeminal 
branches which they must join somewhere distal to the sensory root (This 
root had been severed m Case 3) Guttmann (8) behoves that sweat fibres 
travel m the facial nerve and join the trigeminal branches by peripheral 
communications Such a course for the fibres under consideration is very 
improbable because the nerve block which inhibited sweating in the 
distribution of the supraorbital nerve (Case 3) could not have interrupted 
peripheral communications with the facial nerve If sweat fibres are present 
in the facial nerve, they are probably confined to the intracranial portion 
It has been pointed out that the sympathetic sweat fibres as well as the 
alternative fibres are cholinergic It seems accordingly inadvisable to label 
the alternative fibres as “ parasympathetic,” although the description is 
anatomically correct I shall refer to them as “accessory” secretory fibres 
It has been shown, therefore, that sweating on the face during eating 
can be the result of a reflex with two possible efferent pathways Under 
what conditions, physiological or pathological, is it invoked in man ? 
Symmetrical sweating on the face during eating occurs, to a shght degree, 
in some apparently normal individuals, especially when they partake of 
spicy foods, such as cumes , m a few the sweating may be somewhat profuse, 
as in the frequently-quoted instance of Brown-Sdquard In this form the 
phenomenon may be regarded as physiological There is no direct evidence 
available regarding the mechanism , almost certainly, however, it is also 
reflex Further investigation is necessary to decide which of the two avail- 
able routes is taken by the efferent impulses 
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Sweating on the face during eating may be localized and then frequently 
is excessive This form, which is to he classified as pathological, is always 
preceded by injury to the nerves of the affected area Most commonly it 
affects the region of the parotid gland — the “ aunculo-temporaJ syndrome ” — 
which has already been mentioned , exceptionally it occurs elsewhere (13) 
The syndrome is at present under investigation, and no further reference 
will he made to it m this paper It will suffice to discuss the phenomenon 
of sweating during eating as it appeared m the cases reported here 

A common mechanism of reflex sweating has been presumed for Cases 3, 
4 and 2 (after operation) The efferent impulses were earned by the accessory 
fibres and the response was confined to the area of sympathetic nerve degener- 
ation Reflex sweating was inhibited by the presence of intact sympathetic 
fibres , a similar inhibition by undegenerated post-gangbomo sympathetic 
fibres was shown also in the cases of cemco-dorsal sympathectomy No 
case has been found of definite functional activity of the accessory fibres 
in the presence of intact or undegenerated sympathetic fibres It is, there- 
fore, possible that the accessory fibres play no important role in the sweating 
reactions of normal individuals The mechamsm of reflex sweating in 


Case 2 (before operation) was clearly different from that in the other cases 
The efferent hmb of the reflex arc was furnished by the sympathetic secretory 
fibres, the response was abolished by sympathectomy and recurred only 
m a very mild form after degeneration of the sympathetic fibres, when the 
alternative efferent pathway of accessory fibres was followed Abnormal 
sweating phenomena are not infrequent m syringomyelia, of which disease 
this case was an example , some relation between reflex sweating and the 
pathological condition in the spinal cord may, therefore, be presumed 
The exact cause, however, remains unknown 


Obviously some influence winch inhibits reflex sweating in many 
individuals can be removed by degeneration of sympathetic nerves or by 
pathological changes in the spinal cord In this connection the question 
arises of inhibitory fibres to the sweat glands Smce the experiments of 
Ott (12) the presence of inhibitory fibres has been frequently suggested, 
although the available evidence from animal experiment is on the whole 
unfavourable (9) As regards man, an observation by Foerster (7 , 8) indicates 

that inhibitory fibres may run m the posterior roots There seems, however, 
no reason to beheve that in our cases reflex sweating was occasioned by 
interruption of inhibitory fibres in the roots of sensory nerves In Case 3 
reflex sweating did not appear till 2 years after section of the trigeminal 
root and was clearly related to degeneration of the sympathetic supply 
Can excessive reflex sweating be explained on the hypothesis oi 
destruction of inhibitory fibres in the sympathetic nerves * It might be 
argued that in Case 2 the pathological process in the spinal cord had involve 
a tract containing inhibitory fibres to the sweat glands of the face while 
leaving the secretory fibres intact The sweat glands would then become, 
as in fact they were, abnormally reactive to all forms of stimulation In 
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Case 3 the appearance of reflex sw eating after sympathectomy is compatible 
with the hypothesis, and a further point in its favour is the distribution of 
reflex sn eating (Fig 3) On the medial side of the right forehead the limit 
of the reflex sweating area corresponded exactly with the edge of the area 
of overlap of secretory supply It might reasonably be assumed that 
inhibitory as well as secretory fibres would bo distributed from the opposite 
side in the area of overlap Moreover it has been demonstrated that 
adrenaline exerts an inhibitory action, which u ould be shared by adrenergic 
sympathetic fibres The hypothesis, however, is not sustained by the 
results in the remaining cases Division of pre-ganghomc sympathetic 
fibres, as in the cases of cemco-dorsal sympathectomy, did not lead to 
reflex sweating, and even degeneration of post-ganghomo fibres was not 
invariably effective 

The phenomenon may perhaps be explained without invoking the 
assumption of inhibitory fibres to the sweat glands Excessive reflex 
sweating was invariably associated with a hyperactive condition of the 
sweat glands as tested by the response to pilocarpme, and oonversely when 
reflex sweating was slight or absent the response to pilocarpine was normal 
or diminished It seems probable that profuse reflex sweating is related to 
the hyperactive condition of the sweat glands This abnormally reactive 
condition of the sweat glands may follow, as in Case 3, degeneration of the 
sympathetic secretory nerves An excessive response to pilocarpme is a 
common result of sympathetic degeneration m the cat (1) , as in man, 
however, the effect is not invariable Much more constant is the hyper- 
sensitive condition of the pupil to adrenaline after sympathetic degeneration 
( 11 , 6 ) 

The ultimate cause of the sensitizing effect of denervation has still to 
be discovered While the excessive degrees of reflex sweating may have 
been determined by a hyperactive condition of the sweat glands, the shght 
degrees which followed sympathetic degeneration m the other cases, for 
example, in Case 4, cannot be so readily explained, because the sweat glands 
were not in them sensitized to pilocarpine It is possible that some degree 
of sensitization might have been revealed by a different test 

Conclusions 

(1) It has been shown that the sweat glands of the human face have a 
double nerve supply (o) the sympathetic secretory fibres, and (6) an 
accessory set of fibres 

(2) The sympathetic secretory fibres leave the carotid plexus and 
join the peripheral branohes of the trigeminal nerve, probably extraoramally 
They are distributed with the trigeminal branches and not with the pen- 
artenal nerves 

(3) The accessory secretory fibres arise from the bram stem (probably) 
and join the trigeminal nerve at some point distal to the sensory root They 
too, are distributed with the trigeminal branches 



286 


W C WILSON 


(4) The accessory fibres are normally distributed to the sweat glands 
of the human face There is, however, no evidence yet available to suggest 
that they play any important part m sweating reactions under physiological 
conditions 

(6) The accessory fibres, like the sympathetic secretory fibres, are 
cholinergic 

(6) Cases of sweating on the face during eating have been described 
The sweating was proved to be the result of a reflex In one case the 
efferent impulses were conveyed by the sympathetic secretory fibres, m the 
other cases by the accessory fibres 

(7) The question of inhibitory fibres to the sweat glands has been 
discussed in relation to reflex sweating during eating 

(8) It is suggested that excessive reflex sweating dunng eating is 
related to a hyperactive condition of the sweat glands as indicated by their 
response to pilocarpine Such a hyperactive condition may follow 
degeneration of the sympathetic nerves 

REFERENCES 

(1) Bohn J Physiol , 1022, 56, 232 , and 1025, 60, 365 

(2) Coshtno Proo Nat Acad Sci , 1031, 17, 163, 171, 230, 253 

(3) Dam: Proc Roy Soc Med., 1935, 28, 310 

(4) Dale and Feldbero J Physiol , 1034, 82, 121 
(6) Elliott J Physiol , 1004-5, 82, 401 

(6) Ford Arch Neur Psyclunt , 1933, 29, 1279 

(7) GtrrratANN and List Z Neur Psychiat , 1928, 116, 504 

(8) Guttman Ibid , 1031, 185, 1 

(0) K.UNO “ The Physiology of Human Perspiration " London, 1934 

(10) Langiey and Anderson J Physiol , 1904, 31, 418 

(11) Meltzkr and Auer Am J FhysioL, 1904, 11, 28 

(12) Ott J Physiol , 1870 80, 2, 42 

(13) TJprus, Gaylor, and Car an pit art. Brain, 1934, 57, 443 

(14) Wilson Brain, 1934, 57, 422 



BASE CHANGES IN THE ALKALOSIS PRODUCED BY THE 
TREATMENT OF GASTRIC ULCER WITH ALKALIES 

By CUTHBERT LESLIE COPE * 

(Medical Unit, St Thomas’s Hospital, London) 


During the routine treatment of gastric ulcer with frequent doses of alkalies 
there occurs occasionally a condition of alkalosis which may produce 
serious symptoms Attention appears to have been first called to this 
complication by Hardt and Rivers (14), and since the publication of their 
paper numerous cases have been reported from clrnics m this country and 
abroad A review of the literature dealing with the subject has recently 
been made by Cooke (6) who has himsdf studied a number of cases from 
both clinical and biochemical aspects 

Briefly, the typical cluneal manifestations are as follows The patient, 
who is taking large doses of alkali for his ulcer, begins to suffer from a feeling 
of tiredness with impairment of his mental efficiency and powers of 
concentration This may be of insidious or of fairly rapid onset It increases 
in intensity and soon becomes associated with a definite change of personality, 
with irritability and unreasonableness, slowness of thought and finally 
definite drowsiness or even coma 

The mental change is perhaps the most striking manifestation of this 
type of alkalosis, and its occurrence in any patient who is taking large doses 
of alkalies should always lead to a suspicion of alkalosis Sometimes it is 
of extreme degree, and m one case which came under our notice it actually 
led to the patient being put under foroible restraint with a provisional 
diagnosis of general paralysis 

During the period of onset of this mental change some vomiting usually, 
though not invariably, occurs, but this is not as a rule of the seventy 
encountered in pylonc obstruction Headaches and generalized muscle 
pains may be complained of, and conjunctivitis not infrequently develops 
with sore and red eyes Although the condition is one of alkalosis, tetany 
either manifest or latent, appears to be unusual 

The urine is usually increased in amount, frequently exceeding three 
litres a day It contains albumen m small but definite amount, and hyaline 
and finely granular casts are usually present The concentration of urea 
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is low and chlorides are almost completely absent This low chloride 
concentration may be a valuable aid m diagnosis The urine is further 
usually, but not invariably alkaline, and owing to its high bicarbonate 
content effervesces on addition of acid 

The changes encountered m the blood have been summarized by 
Cooke (6) They may conveniently be divided into two groups Fust are 
those typical of an uncompensated alkalosis, namely, raised pH, high plasma 
bicarbonate and lov plasma chloride, the rise m the former approximately 
balancmg the fall in the latter Secondly there is a group of changes referable 
to a seriously impaired renal function These include high blood urea and 
non-protein nitrogen, high plasma creatinine and raised plasma phosphate 
The finding of a raised blood urea is an extremely valuable point m diagnosis 
and when present in a patient with gastno ulcer who is showing suspicious 
symptoms and who has no history or evidence of previous renal disease it is 
practically diagnostic 

On stopping the administration of alkalies the condition of alkalosis 
is rapidly cured Careful treatment with acidifying drugs Buch as ammonium 
chloride hastens the process The plasma bicarbonate returns to normal 
m a feu days, normal mentality is speedily restored and the conjunctivitis 
clears up But the signs of renal damage are more persistent, albuminuria 
tending to continue for a week or two, and the blood urea not returning to 
normal figures perhaps for several weeks 

This interesting condition appears to result directly from the excessive 
administration of alkalies The dosage of alkalies commonly employed m 
the treatment of gastric ulcer produces alkalosis m only a relatively small 
group of patients In some individuals it may be produced by only a few 
days on an alkaline regime which in the great majority of ulcer patients 
causes no ill effects Or it may develop relatively rapidly in a patient who 
has been taking alkalies for long periods of time without apparent harm 
The cause of this unusual sensitivity to alkalies is at present undetermined 
It is certainly not usually referable to a previously impaired renal 
function On recoveiy from the attack the albuminuria clears up completely 
and renal function returns to normal In the most sensitive patient encoun- 
tered in this work, a man who had had four severe attacks of this alkalosis, 
the renal function estimated by the urea clearance method after recovery 
from the fourth attack was 92% of normal 

The condition has now been studied by a number of observers and the 
characteristic changes m the acidic radicles m the blood are well established 
But possible changes in the basic radicles do not as yet appear to have 
attracted the attention of investigators This is particularly surprising 
when it ib realized that anions are on the whole pharmacologically more 
active than cations and that the treatment which initiates these symptoms 
involves the ingestion of excessive quantities of anions Some of the changes 
in the concentration of various anions m the blood have, therefore, been 
followed m several examples of this form of alkalosis 
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In discussing tlio findings this type of alkalosis mil, for convenience, bo 
referred to as alkali alkalosis to distinguish it from other types of alkalosis 
such ns that resulting from the vomiting associated mtli pyloric obstruction, 
a typo from Minch it differs m several respects 

Method s 

Serum total base was determined bv the method of Stadie and Ross (22) 
In normal subjects tins method has given in our hands consistent results 
mtlnn accepted normal limits 

For the estimation of serum calcium the method of Halverson and 
Borgeim (13) was used m order that the filtrates might subsequently be 
aiadablo for serum magnesium determination All estimations were done 
m duplicate and were in good agreement with one another 

Estimations of serum magnesium were made by the method of Bnggs (3) 
on the filtrates from the Halverson and Bergcim calcium estimation The 
phosphate in the ammonium-magnesium phosphate precipitate was deter- 
mined by the stannous chloride method of Youngburg and Youngburg (24) 
m the majority of the estimations, this being found definitely more 
satisfactory than the method of Fiske and Subbarow (11) using amino- 
naplitliolsulphonio acid which we employed in some of the early estimations 
By both methods duplicate determinations which were always carried out, 
were in good agreement, usually within 5% 

The total base content of the serum 

Under normal and the great majority of pathological conditions the 
body maintains the total base content of the serum with considerable tenacity 
within very narrow limits The extremes of normal variation are generally 
accepted to he only between 160 and 160 mEq per litre Variations beyond 
these limits are encountered in very few conditions, but prominent among 
these is prolonged vomiting such as results from pyloric obstruction, and 
m this sfate it may be greatly reduced, even to below 130 mEq per litre 

The cbmcal picture presented by alkah alkalosis shows many points of 
similarity with that of severe pyloric obstruction In both there is a marked 
uncompensated alkalosis associated with considerable disturbance of renal 
function and with nitrogen retention It was of interest, therefore, to 
study the total base changes in the serum in the former condition The 
changes in serum total base occurring during recovery from alkah alkalosis 
have been followed in three cases The results are shown graphically in 
Fig 1 In all three cases the serum total base is at first shghtly but signifi- 
cantly raised above the normal upper limit, and in all three it returns to 
normal during the recovery period 

This raised total base is m marked contrast to the findings m the 
alkaloses of pylonc obstruction and other forms of severe vomiting, for in 
these a considerable reduction m its concentration is characteristically 
encountered This contrast is reflected m the clinical picture The work 
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of Gamble and others has shown that loss of base from the body is usually 
associated with dehydration Such dehydration is well marked in pyloric 
obstruction in which it is revealed by the dry tongue, the sunken facies, 
the concentrated blood and the scanty concentrated urrne But in alkali 
alkalosis such signs of dehydration are commonly completely absent Instead 
of obguna there is more usually a polyuna and there is no trace of the sunken 
look typical of dehydration It seems justifiable to attribute this clinical 
difference to the difference in the body content of total base in the two 
conditions, this being reflected m the concentration m the serum 

Figure I 



2 A 6 8 10 12 14- 16 

Days after cessation of alkalies 


The actual cause for this difference is not far to seek In pylono 
obstruction large quantities of base are lost m the vomit and are not replaced 
In alkali alkalosis on the other hand the vomiting is less severe and quantities 
of base are continually being ingested and absorbed and are more than 
adequate to replace any loss For this reason serum total base tends to be 
above rather than below normal in tins condition and so dehydration does 
not readily ocour 

It is possible further, that the polyuna present in these patients is due 
at least m part to the excessive base excretion Recent work by Gamble, 
MoKhann, Butler and Tu thill (12) has shown that m rats an increased 
excretion of inorganic salts (such as follows mcreased intake) results in 
an increase in the daily output of urrne In our alkalotics large quantities 
of such salts were being excreted in the urrne We have noticed a tendency 
for the total base concentration of the urine to approximate to that of the 
blood, any increase in base excretion being brought about mainly by an 
increase in the volume of urrne with but little change m the urrne base 
concentration Judging from the work of Davies, Haldane and Peskett (8) 
who found that the sum of the concentrations of bicarbonate and chloride 
in the urme could not be raised above 330 mEq per litre, this apparently 
optimum base concentration — 150 mEq per litre — would be about half the 
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ma xim um obtainable The suggestion has sometimes been made that the 
urea retention occurring in alkalotics is a compensatory phenomenon 
designed to restore to normal the osmotic pressure of the blood crystalloids 
which have been reduced as a result of the excessive loss of sodium chloride 
In view of the fact that urea appears to diffuse equally through all the body 
fluids this suggestion has always seemed improbable, and the present senes 
of cases greatly strengthens this doubt m that an alkalotic urcemia is present 
m the absence of any diminution m the concentration of blood crystalloids 
Nor clearly, are oliguna and dehydration essential factors m the 
production of alkalotic uraemia for m the present type of case these also are 
absent 


Serum calcium 

The alkaline powder taken by our gastnc ulcer patients who developed 
alkalosis contained a considerable quantity of calcium carbonate, the 
approximate daily intake from this source being 7 grams It appeared of 
interest, therefore, to follow the Berum calcium in such cases A control 
senes of eleven subjects who had been undergoing the same alkaline regime 
without developing any symptoms or signs of alkalosis gave values well 
within normal limits (Table I) The lughest figure was 10 5 mg , the lowest 

TABLE I 


Serum calcium and magnesium in gastnc ulcer patients undergoing routine alkali treatment 


CftBO 

No 

(mg por 

100 cc) 

©iso 

No 

(mg per 100 o e ) 

Scrum 

Cn 

Serum 

Mg 

Serum 

Ca 

Scrum 

Mg 

1 

07 

1 05 

7 

0 1 

1 03 

2 


1 00 

8 

10 5 

2 17 

3 

0G 

2 20 

0 

00 

2 03 

4 

07 

207 

10 

93 

2 13 

G 

10 4 

1 82 

II 

10 2 

1 89 

0 

00 

1 85 





0 1 mg and tho moan 9 8 mg per 100 c c There is thus no cvidenco that 
the continued ingestion of the quantities of calcium carbonate contained 
m this powder causes any appreciable rise in tho blood calcium lei ol in 
individuals w ho are not alkali sensitive But in all the four cases of alkalosis 
which w o have examined a raised serum calcium has been found u Inch has 
returned slowly to normal during tho period of clinical recovery Tho 
nso is often of considerable degree In three of tho cases serum calcium of 
10 mg or over wore observed And m view of tho rapidity of tho fnll to 
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normal after cessation of alkali administration it is safe to assume that even 
higher concentrations — probably 18 mg or more — were prevailing at the 
time that alkalies were withdrawn (Pig 2) 


Figure II 

Serum Calcium in Gastric Alkalosis 



8 4 6 8 IO 12 14 16 18 20 

Days after cessation of alkalies 


So far as we are aware it is not generally recognised that such a degree 
of hypercalcaemia can be produced by ingestion of calcium salts That 
calcium ingestion is the actual cause seems fairly certain Hypercalcaemia 
is not usually present in the alkalosis caused by pyloric stenosis Tisdall (23) 
for instance, m two cases of tetany caused by severe vomiting found serum 
calcium of 10 0 and 10 6 mg And we have been able to observe one case 
m which a typical alkalosis was produced by a combination of severe 
vomiting and excessive potassium citrate ingestion the patient being under 
treatment for pyelitis In this case no abnormal quantity of calcium had 
been ingested and the serum calcium was normal, 10 0 mg per 100 c c 
(Case 6) It must be admitted that Hastings, Murray and Murray (16) 
noted moderate rises in serum calcium m their dogs with experimental 
pylonc obstruction but this may well have been due to the concentration 
of the blood produced by the severe loss of fluid in the vomit 

But excessive calcium ingestion alone is clearly not the sole cause of the 
hypercalcaemia, for in normal individuals it is not easy to raise the 
concentration of serum calcium far above normal by giving calcium salts 
by mouth (21 ), and our control senes of similarly treated cases which remained 
free from symptoms showed no tendency to develop hypercalcaemia It 
seems probable, therefore, that the renal impairment first occurs and that this 
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renders the kidney unable to excrete sufficiently rapidly all the calcium -which 
continues to be absorbed from the gut Our knowledge of the effect of renal 
damage on the ability of the kidney to excrete caloium is still very scanty, 
but Het6nyi and von Nogrddi (17) have found that intravenously injected 
calcium is excreted more slowly by nephntics than by normal persons 
We have attempted without success to follow the stages of development of 
the alkalosis, but the renal damage and biochemical changes are usually 
well established when clinical evidence of the condition is first recognizable 
We tned in one case deliberately to provoke the onset of alkalosis m a man 
who was well known to be alkali sensitive, but he asked that the experiment 
should be discontinued at a time when no change had occurred in the blood 
chemistry or m the renal function His reason was that he felt the onset 
of typical early mental symptoms, but these were probably imaginary as lie 
was fully aware of the nature of the experiment Further, we have submitted 
a known nephntio suffering from mild nitrogen retention to the routine 
alkaline regime used for gastric ulcer treatment but only a slight nse m serum 
calcium took place in a week, and renal function as judged by the urea 
clearance remained absolutely unchanged We have thuB been unable to 
ascertain definitely the cause for the calcium retention in these cases 

We have already noted that tetany seems to occur relatively infrequently 
m this typo of alkalosis It was present in none of the five cases w Inch w e 
studied, and was reported in only one of the nine cases published by Cooke (0) 
It seems possible that the hypercalciemia occurring in these patients is a 
factor tending to reduce the incidence of tetany Although the pathogenesis 
of the tetany associated with alkaloses is not well understood and its relation 
to serum calcium is obscure, yet it seems not unreasonable to suppose that a 
nse in the scrum calcium and so in the concentration of ionized and 
physiologically active calcium may tend to counteract the tendency to tetany 
caused by the alkalosis itself But such a suggestion must clearly bo mado 
with reserve because calcium administration or the raising of tho serum 
calcium haB apparently not boon shown to bo of definite therapeutic value 
in cases of tetany of nlkalotie origin unassorted with obvious disorder of 
calcium metabolism 

Usually \\ hen serum calcium nscs there is an approximately proportionnl 
fall m the phosphate, tho product of tho tv o tending not to exceed 40 to 60 
This reciprocal relation ib not infrequently very clearly demonstrable in 
cascB of tetany due to hypocalctomia in v Inch tho serum calcium is mado 
to vary under tho influonco of parathormono or calciferol administration 
But m alkali alkalosis this reciprocal relation is not observed and tho high 
scrum calcium tends to bo associated with a rise rather than with tho moro 
usual fall m tho phosphate concentration Hcnco tho calcium phosphorus 
product may greatly exceed tho normal limits In those of our cases m 
which plasma phosphate determinations wore done the plasma phosphate 
was always sbghtly or definitely raised In all tho oases reported bv Cooko 
ul8o (0) it was above normal and m somo at least of Ins cases wo may safely 
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assume that the serum calcium -was raised In our most marked case a 
serum calcium of 16 9 mg was associated with a phosphate in the plasma 
of 6 86 mg the product of the two thus being 109 The existence of such a 
product indicates that at least under some conditions serum is capable of 
holding in solution considerably higher concentrations of calcium phosphate 
than those normally present The solvent power of the serum for calcium 
phosphate is known to be greatly influenced by the protein concentration 
of the serum and empirical equations have been developed correlating the 
three variables calcium, phosphorus and protein It is, therefore, unfortunate 
that plasma protein estimations were not performed in our cases of gastric 
alkalosis But it is possible to deduce from the equation of Peters and 
Eiserson, which was evolved from a Btudy of human clinical material, that a 
calcium phosphorus product of 109 would require a protein concentration 
of some 19 grams per 100 c c , a figure which is highly unlikely to have been 
present 

Comparable high calcium phosphorus products are encountered so 
far as we are aware, m only one other condition, that brought about by 
parathormone overdosage or by parathyroid hyperactivity If parathormone 
is injected at three or four hour intervals into a dog, the rise m serum calcium 
is at first associated with a fall in phosphate If, however, the injections are 
continued, senous toxio symptoms develop and, with the onset of these, the 
plasma phosphate rises to values much above normal with but little reciprocal 
fall in the calcium In one such experiment reported by Colhp (4) a calcium 
phosphorus product of over 260 was finally reached m a dog A similar 
phenomenon may apparently rarely be encountered in man Beilin and 
Gershwin (2) have recently reported a case of hyperparathyroidism with 
renal insufficiency m which the calcium phosphorus product was 133 And 
Albright (1) in the previous year had noted that when hyperparathyroidism 
leads to renal damage from calcium precipitation m the renal tubules then 
the associated hypophosphatcemia disappears 

Now parathormone overdosage and alkali alkalosis have in common 
not only this high calcium phosphorus product but also considerable renal 
functional damage manifested by senous nitrogen retention In neither 
condition is the cause of this renal damage clear But Colhp (6) has shown 
that m dogs a high calcium phosphorus product is itself toxic to the kidneys, 
for the simultaneous intravenous injection of calcium salts and of sodium 
phosphate has been shown by bun to oause severe renal functional damage and 
nitrogen retention The fact that a high calcium phosphorus product m 
the serum ib apparently only encountered clinically in the presence of renal 
damage would appear, therefore, to he of significance But whether renal 
inadequacy renders possible the existence of such a high product, or whether 
the high product produced by mdependent causes is itself the actual cause 
of the renal damage cannot be definitely decided on the evidence at present 
available We feel, however, that the second possibility is unlikely for in 
Case 6 previously referred to, renal inadequacy developed in the absence 
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of any significant change in the calcium-phosphorus product It was, of 
course, possible that the pyelitis present was m this case responsible for the 
renal damage, but the clinical impression gained at the timo •was that this 
was a quite inadequate cause 

Scrum magnesium 

It is usually stated that the concentration of magnesium in tho blood 
serum is practically uninfluenced by any pathological condition (21), and Hawk 
and Bergeim (16) dismisses its clinical significance with the remnrh that 
" no characteristic changes have been observed m pathological conditions ” 
(page 463) The alkaline powder taken by our gnstnc patients who de\ eloped 
alkalosis contained considerable quantities of magnesium, but it was 
nevertheless not this fact which first aroused our interest m the behaviour 
of the serum magnesium m this condition It had been shown by Crnmer (7) 


Figure M 

Serum Magnesium in Gastric Alkalosis 



that prolonged magnesium lack m rats may cause senous renal damage 

nUrnf 8 f/ 8 ° k . n0Wn / ,iat ? hcn tho contents of tho alimentary canal are kept 

Si m ° 1 r! C1Um nnd of ,nn gnesnim is impaired It was 

heso considerations which led us originally to suspect that tho renal damage 

ind ° tlCS b ° n8SOC,nlC(1 M,th «n actual magnesium deficiency 

int tl 8 *'r n by ” lcduct, °” in the serum mZllZm 

isTe Lt Tl 118 hypothe8,s hoMovor - sll0 " ccl that actually thf roxorso 
s tho case Tho seium magnesium was m all cases raised nnd in 

X"r™ L y ““,1 V, °° nlro1 “ onra of cl °' cn ■" "lio lmd been on the 
»lcot repme with alknhno powder for .ovoml wool.,, „„d who ■?"* ° 

1 82 - 
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The magnesium concentrations m the five oases of alkah alkalosis 
which we have studied were all above the highest value in the control group 
In four of the five the serum magnesium shortly after the cessation of 
administration was above 4 mg per 100 o o The highest actually observed 
figure was 6 84 mg In all cases the magnesium returned to normal within 
a fortnight (Fig 3) 

Such a rise m the serum magnesium is not a usual accompaniment of 
severe nitrogen retention m ordinary ur senna of nephritic origin Denis and 
Hobson (9) for instance, have reported the serum magnesium to be unaltered 
in renal insufficiency We have ourselves determined the serum magTiRHinm 
m four advanced nephntics and obtamed the following values (Table II) 

TABLE n 


Urea, calcium and magnesium vn nephritic cases 


: 

Case 

Blood urea 
mg per 100 a o 

Serum Calcium 
mg per 100 ao 

Serum magnesium 
mg per 100 o a 

1 

050 

90 

2 83 

2 

220 

02 

325 

3 

150 

10 2 

25 

4 

120 

— 

254 


The serum magnesium thus does not run parallel to the blood urea, and 
although the figures are above those obtamed in our control group of gastno 
ulcer cases, they scarcely exceed the upper limit of normal accepted by most 
workers, 3 0 mg Nor does nitrogen retention of alkalotio origin appear 
to be necessarily associated with a rise in the serum magnesium for in the 
case previously referred to in which alkalosis developed as a result of vomiting 
and much potassium citrate administration, the serum magnesium was only 
2 56 mg at a tune when the blood urea was 318 mg 

But it would be untrue to claim that alkali alkalosis is the first clinical 
condition m which high blood magnesium concentration has been encountered 
in man, for Hirschfelder (18) has recently called attention to the fact that 
even higher values may be found m nephntics to whom magnesium sulphate 
has been administered as a purgative In suoh cases it would appear that 
absorption of magnesium from the gut is more rapid than excretion by the 
damaged kidney, and figures as high as 11 mg per 100 o c have been found 
by him In view of Hirschfelder’s findings it seems highly probable that the 
hypermagnessemia of our alkalotics is also due to the continued a dminis tration 
of magnesium salts after the kidney has beoome damaged and unable suffi- 
ciently rapidly to excrete them The fact that no hypermagnessemia 
developed m the above-mentioned case which beoame alkalotio as a result 
of potassium citrate therapy for pyelitis also supports this view 

It would seem that magnesium ib very largely exoreted by the kidney 
m normal circumstances, and during the recovery penod when the serum 
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magnesium is returning to normal m these alkalotics abnormal quantities 
of magnesium are excreted, m the unne In one of our cases (Case 1) the 
daily exoretion of magnesium in the unne was followed throughout the 
recovery penod During the penod of observation the diet was kept 
approximately constant During the first few days, when the serum 
magnesium was high the daily excretion of magnesium m the unne was 
about 300 mg per day As serum magnesium fell so did the unnary excretion 
diminish until both in ten days reached a basic steady level of 50 mg per day 
The total magnesium excreted m the unne m excess of tins basal level, 
and so the minimum amount of magnesium retained abnormally m the 
body was approximately one gram Unfortunately we were unable to 
follow the excretion of magnesium in the stools m this case, so that the total 
amount of retained magnesium may have been oven greater 

In relation to the symptomatology of the alkalosis this hy’pcrmngnesfemia 
is of possible interest from two points of new In the first place magnesium 
is now well known to exert a strong depressant action on nerv ous and muscular 
tissues It was this property w Inch was made use of by Mcltzcr and Auer 
(19) in the method of treatment which they suggested for the muscular 
spasms of tetanus And Emmanuele (10) for the same reason has used it 
with success m the treatment of infantile tetany Presumably , therefore, 
the hypermagncsnemia m this type of alkalosis is an additional factor 
counteracting any tendency to tetany caused by the actual alkalosis In 
the second place the liypcrmagnesfcnun may well account for some at least 
of the peculiar mental symptoms of the condition Hirsclifelder (18) has 
Bhown that when the scrum magnesium nses above 8 nig per 100 c c m man 
drowsiness is liable to occur And Ncuwirth nnd Wallace (20) lmxc shown 
that in dogs nnd in man a scrum magnesium of 8 to 0 mg exerts n mild 
sedative action The scrum magnesium values which we linxc obsened 
after the cessation of alkali administration linxc appronchcd these pharma- 
cologically active levels and were presumably oxen higher whilst nlknlics 
were still being taken They wore furthermore probably acting for n longer 
penod of time than m the experiments of Hirsclifelder and of Ncuwirth nnd 
Wallace and in view of these facts it seems reasonable to suppose Hint tho 
retained magnesium did exert some sedalix e action on tho cerebral functions, 
and that it may indeed have been responsible m part for the mental bx mptoim 

General discussion 

It is already knoxvn that m this typo of alkalosis w Inch dox clops during 
the alkaline treatment of gastric ulcers, renal functional impairment is 
marked and results m a sovoro degree of nitrogenous retention, nnd m an 
abnormal accumulation of tho bicarbonnto ion in tho blood In the present 
paper it is shown that tho inorganic hnsio radicles m tho alknhno powder, 
especially calcium and magnesium, also tond to accumulate It is suggested 
that this accumulation may well be responsible m part for some of tho 
characteristic symptoms of tho condition 
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It cannot be claimed that the demonstration of thiB accumulation 
throws any certain light on the rotiology of the renal damage itself The 
probability is that it is the direct result of this damage The evidence so 
far available suggests that the damaged kidney is unable to excrete the 
inorganic substances concerned as fast as they are absorbed from the alkaline 
powder As soon as the excessive intake is stopped the kidney is able to 
restore rapidly the normal blood concentrations of calcium, magnesium and 
bicarbonate But the rapid return of these to normal levels cannot be taken 
as evidence of a fully restored renal function, for albuminuria and high blood 
urea persist for a considerably longer time The renal damage only recovers 
completely after two to four weeks But the typical symptoms which are 
associated with alkali alkalosis have usually disappeared by the time the 
morgamc constituents of the blood have returned to normal They do not 
persist as long as the nitrogen retention, and, since the clinical pictuie differs 
markedly from that known to Tesult from such retention, there is no justifica- 
tion for believing it to be the cause of the symptoms 

The peculiar symptoms have been shown to be associated with unusual 
changes in the concentrations of certain morgamc constituents of the blood, 
changes which are rarely, if ever, encountered together m other disease 
states It is tempting to suggest, therefore, that retention of these morgamc 
substances is concerned m the sotiology of the typical symptoms, for their 
development is clearly related to the ingestion of simple alkaline morgamc 
compounds But of the precise role which bicarbonate excess, chloride lack, 
hypercalcremia and hypermagnesemia play m the production of the clinical 
picture it is scarcely possible definitely to judge at the present time 

Summary 

1 Several cases of alkalosis developmg as a result of the alkali treat- 
ment of gastnc ulcer have been studied, and the changes occurring m certain 
of the morgamc basic constituents of the blood have been followed 

2 The Berum total base has been found to be slightly but significantly 
raised 

3 The serum calcium is raised very considerably above normal limits 

4 The serum magnesium is also definitely above normal 

5 The bearing of these changes on the {etiology of the symptoms is 


considered 

CLINICAL NOTES , . , , . . „ 

Case 1 A man, aged 51, who visited his dootor on July the 4th on account of slight mdjges 
tion Two days later he had an attack of vomiting with hrematemeais, &^h«a *md ^l»na 
leading to collapse He was given a gastnc diet with alkalies* and improved for three or four 
ZTlul C7ad aTotC attack of vomiting with partial collapse He rap^y developed 
headaches, sore eyes and severe general mental disability leading to a semi comatose condition 

in which he was admitted on July the 22nd „ - « trmn 

On admission he was restless and m light coma The tongne area furred , 

definite conjunctivitis but no other abnormal signs The unne ^““^a^for twofe 
trace of chloride, many hyaline casts and a good cloud of albumen Jf? ^ddedS 

with rental salines with 5% glucose On July the 25th ammonium chlonde 8 g was anoeato 
thfUtafsalme six hourly 8 On July the 28th the mental condition was 
he was still dazed and emotional and did not remember the events of the previous week. y 

* The approximate daily intake of alkali from this source was sodium bicarbonate 7g, 
magnesium carbonate 7 0 g , calcium carbonate 7 g and bismuth oxycarbonate 18 0 g 
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tho 27th, the saline was discontinued, albumen and casts were stDl present in the urine His 
general condition steadily improved on a light gastno diet without added alkalies, and was quite 
normal by August the 8th when the unne became albumen free 


Blood urea (mg per 100 o c ) 

Plasma bicarbonate (vols %) 

Plasma chloride (mg per 100 c o as NaCl) 
Plasma inorganic phosphate (mg per 100 c o ) 
Serum calcium (mg per 100 o c ) 

Serum magnesium (mg per 100 c o ) 


July 23 

July 27 

225 

211 

105 

60 

— 

658 

44 

45 

13 0 

10 5 

6 84 

3 6 


Aug 3 

Aug 9 

85 

74 

68 

— 

572 

694 

10 0 

92 

1 94 

1 82 


Catt 2 A woman, aged 50, with a seven years’ history o f epigastric pain 1 to 2 hours 
after meals, with occasional vomiting No evidence of gastric or duodenal nicer was revealed by 
X ray She had been taking alkalies for the last three years Pam had become much worse five 
weeks before admission and meltena being found, she was admitted on February the 12th Apart 
from qpigoatnc tenderness there were no physical signs On February the 14th the Btools no 
longer contained occult blood She was put on routine gastno ulcer diet with alkalies * On 
February the 19th she complained of nausea before meals and vomited occasionally hut became 
free from pain On March the 9th, she became mentally abnormal, with drowsiness and 
irritability and was found to have marked conjunctivitis The unne was alkaline and gave a 
cloud of albumen The blood urea was 210 mg % Alkalies were at once stopped, and without 
further treatment than this her mental condition was fully restored to normal by March the 20th, 
although slight conjunctivitis was still present The unne became acid on March the 21st and 
ceased to contain albumen on March the 20th at which tune the blood urea was still 97 mg % 


Blood urea (mg per 100 c o ) 

Plasma bicarbonate (vols %) 

Plasma chlonde (mg per 100 o c as NaCl} 
Plasma inorganic phosphate (mg P per 100 o c ) 
Serum calcium (mg per 100 o o ) 

Serum magnesium (mg per 100 c o ) 

Serum total base (mEq per litre) 


March 11 

March 14 

TlfnirTi 18 

275 

247 

204 

92 

75 

63 

498 

633 

551 

6 85 

72 

6 95 

15 9 

13 0 

99 

4 33 

2 80 

2 29 

170 

156 

165 


Cate 3 A man, aged 55, with fifteen years’ history of intermittent qpigastno pam and 
tenderness, whioh has recently become more severe He suffered from frequent vomiting after 
meals His pam was much relieved by alkalies, of which he had been taking considerable amounts 
before admission on February the 1st No physical signs found except an emphysematous 
Ocmdt blood was present m the stools He was put on routine gastno ulcer diet with 
frS'? One week later he complained of a throbbing in the head and was sleepless and restless 
un February the 9th he had severe headache, anorexia, smarting eyes and definite drowsiness 
““Jynctmtis and the urine contained albumen The blood urea was 112 me % 

iVI K flilCS wore Btonnen nnrl mn i ttt ~ & /o 


Blood urea (mg per 100 o c ) 

Plasma bioarbqpate (vols %) 

Plasma chlonde (mg per 100 c c as NaCl) 

Plasma inorganic phosphate (mg P per 100 o o ) 

Serum calcium (mg per 100 c c ) 

Serum magnesium (mg per 100 c c ) 

Serum total base (mEq per litre) 

admitted at once as a typical case of alkalosis tt.b t0 1)6 definitely drowsy He was 

meat other than the XddmSuil “5 % No treat - 

recovery , the unne becoming free from afbumen on June the lfth^ W m ° de an uneventful 


s 76 ounces and his mean 
i ounces 

daily unne 

Feb 9 

Feb 14 

Feb 21 

112 

108 

60 

101 

08 

64 

533 

695 

622 

— - 

— 

2 7 

16 0 

12 0 

97 

29 

2 56 

1 59 

174 

158 

153 
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Blood urea (mg per 100 o o } 

Plasma bicarbonate (vola, %) 

Plasma oblonde (mg per 100 o o as NaCI) 
Plasma inorganic phosphate (mg P per 100 o o ) 
Serum caloium (mg per 100 o o ) 

Serum magnesium (mg per 100 o o ) 

Serum torn base (m£q per hire) 


June 4 

June 6 

June 12 

June 10 

201 

206 

82 

57 

101 

91 

63 

67 

471 

672 

620 

632 

43 

42 

2 75 


10 8 

141 

10 2 

96 

418 

3 17 

188 

1 06 

166 

166 

163 

167 


Cass 6 This case, although less completely investigated, is included because of the marked 
magnesium retention which it showed A man, aged 40, admitted to hospital on December the 
20Ui with a diagnosis of pylono obstruction He had been taking alkalies for years previously 
and had never had any drowsiness He was treated by stomach washouts with Bodium bicarbonate 
solution, and with alkaline powder by mouth, 4 g three times a day On January the 4th he 
became markedly drowsy and developed slight soreness of the eyes Albuminuria was present 
and the blood urea was 261 mg % All alk a li administration was at once stopped but severe 
vomiting occurred throughout the following week. On January the 8th serum Tn.gn.mnm was 
6 6 mg , blood urea 237 mg By January the 10th blood urea had fallen to 142 mg On January 
the 24th, blood urea was 43 mg , serum magnesium 2 0 mg , and serum total base 100 mEq 
per litre He was by then entirely free from alkalotic symptoms 


Case 8 A case in which alkalotic symptoms developed as a result of potassium citrate 
medication Deported for comparison of its biochemical picture with that of the cases of gastno 
olkaloBia The patient was a married woman of 21, admitted on March the 6th with pyelitis 
She was 6 months' pregnant Her unne was acid and contained albumen and numerous pus 
cells, but no casts Hie blood pressure was 110/70 Potassium citrate was administered m 
increasing doses but the unne only occasionally became abghtly alkaline By Mar ch the 16th 
ehe was receiving 4 g of potassium citrate every three hours, and continued to do so until March 
the 30th During the last ten days of this treatment she vomited several times, and finally 
became irritable and unreasonable, and developed a mild conjunctivitis on March the 30th 
On April the 1st the blood urea was 273 mg , the unne was amd and contained a trace of albumen 
There was no cedema and the blood pressure was normal Citrate administration was Btopped 
and on Apnl the 3rd the blood showed the following figures * — Blood urea 318 mg , plasma 
bioarbonate 76 vole plasma sodium chloride 433 mg , serum calcium 10 0 mg , serum magnesium 
2 66 mg , plasma inorganic phosphate 4-44 mg per 100 c c , serum total base 139 mEq per litre 
No further citrate was given and the patient steadily recovered By April the 26th the blood 
urea wae only 20 mg per 100 c c , and the unne was albumen free 
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VASODILATATION AND VASOCONSTRICTION IN RESPONSE TO 
WARMING AND COOLING THE BODY A CRITICISM 

OF METHODS* 

By V UPRUS (TARTU), J B GAYLOR (GLASGOW) and 
E ARNOLD CARMICHAEL 

( From the Research Unit, National Hospital, Queen Square, London, W G I) 


In recent years increasing attention has been paid in patients Buffering 
from nervous maladies to those symptoms and signs -which BuggeBt 
disturbance of the sympathetic nervous system Analysis of these symptoms 
and Bigns depends upon accurate observation of environmental conditions 
and of effects produced by changing the conditions It was decided to 
make on normal subjects a senes of observations, especially of skin 
temperature, as indicating states of vasodilatation and vasoconstriction 
The purpose of this paper is to record these investigations, the methods 
adopted, the difficulties encountered and to disouss the results 


Method, 


Temperature readings of the skin were made by means of constantan 
and copper thermojunctions in contact with the tips of the fingers, the tips 
of the toes and the cheeks Readings were also obtained from the skin 
surface of other regions of the body Rectal temperature was recorded by 
means of a thermojunction placed 5 to 6 cm within the anal sphincter 
The rectal thermojunction was of a particular type, designed to give rapid 
registration of temperature change A hollow finger-like copper structure 
of low thermal capacity fixed to a vulcanite end grooved to permit the 
sphincter am to close upon it, constituted the heat receptor from the rectal 
mucosa Into the thin piece of copper were soldered two wires, one 
constantan and the other copper In the rectal thermojunction a difference 
of potential proportional to the temperature of the copper was measured 
against a constant difference of potential in a second thermojunction kept 
at a constant temperature of 37°0 The difference between the currents 
mthetwo thermojunctaons was registered on a high sensitivity mirror 
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galvanometer By means o£ a factor determined by physical experiment 
and found to be constant over temperature variations such as were recorded, 
the amount of deflection above or below a zero mark was translated into 
terms of temperature in degrees centigrade and subtracted or added to 
37°C Thus the rectal temperature was obtained at any point of time 
The limitations of this method are a necessary lag on the part of the reotal 
thermojunction in virtue of thermal capacity, and a small lag, of maximum 
twenty-two seconds, in the galvanometer itself Although no claim is made 
that the rectal temperatures recorded here are absolute, it ib certain that 
changes of temperature are registered with reasonable rapidity 

Two methods of producing vasodilatation were adopted In one, the 
subject lay on his back , the trunk was enclosed in a blanket box so that the 
head, hands and feet protruded , a series of carbon filament lamps, suspended 
from the top of the box, provided a source of heat The direct effect of 
radiant heat on the skin of the trunk was minimized by shielding the lamps 
with a sheet of asbestos The sheet of asbestos was adjusted bo that a free 
circulation of air ensured the warming of the whole box In the other 
method, the subject either sat or lay on a couch two kmbB from which 
observations were not being taken, were placed and kept gently moving in 
tanks of water at 44 °C to 46°C This method is similar to that described 
by Gibbon and Landis (1) After adequate warming had occurred, the limbs 
were transferred to tanks containing water at 0°C to 12°C When adequate 
cooling bad been registered the limbs were again immersed in water at 
44 °C to 45°C By this method repeated warming and cooling could be 
effected in one subject in the course of two hours 

The room in which the subjects sat or lay was rendered as nearly 
draught-free as possible It was possible to raise the temperature of the 
room at will In this way varying external conditions were available 

Experimental material Over two hundred experiments have been 
earned out These have dealt with the vasomotor response to warming and 
cooling the body For the purpose of clarity only a few representative 
experiments will be described A senes of experiments was oarned out on 
four subjects, three of whom were healthy young adults with no recognizable 
disease of the blood vessels or nervous system , the fourth suffered from 
orbital neuralgia Both methods of warming were employed in studying 
two subjects , several experiments using each method of heating were oarnocl 
out m both of these subjects In the other two subjects only one method 
of heating was utilized Experiments on two patients with a fractured 
spine will also be quoted 

Results 

It is difficult to tabulate dearly the results of these experiments , 
therefore the interpretation of isolated experiments illustrative o eac 
group will be discussed Having considered each experiment in this manner 
a final review will be made from which conclusions will be drawn. It is 
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assumed that a rise in skin temperature indicates dilatation of blood vessels 
and a fall in temperature constriction 

Experiment 1 Fig I A , 25/11/33, a young healthy male, lay on a 
couch covered with blankets, the face only being exposed Temperatures 
were recorded from the reotum, from the tips of both third fingers and great 
toes The room temperature rose from 14°C to 20°0 during the five 
hours of the experiment 



Fig 1 


For the first seventeen minutes, while the subject lay covered with 
blankets, the rectal temperature rose slowly, 0 0S°C , the temperature of 
e fingers rose 5 0 C , but that of the toes remained stati onar y At A 
19 minutes after the commencement of the expenment, the hands and feet 
were uncovered Immediately the temperature of all four digits fell, and 
he end of the 53rd minute the readings were approximately equal in the 

teSSrpf 17 0 G -^°^bwmg the exposure of the hands and feet, the rectal 
perature commenced to fall, continuing to do so for 9 minutes , it 
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reached 36 82°0 , a fall of 0 07°C , thereafter it commenced to rise slowly 
during a period of 26 minutes, at the expiry of which time the blankets were 
completely removed at B , the 66th minute After the removal of the 
blankets from the body the rectal temperature fell 0 01 °C in 2£ minutes, 
and then commenced slowly to roe At C , the 92nd minute, the subject 
was covered with the hot air bath leaving the head, hands and feet exposed 
The heat was turned on and the temperature of the fingers and toes slowly 
rose till the 136th minute , the fingers from 16°0 to 18 6°C , and the toes 
from 16°C to 17 6°C , which increase m temperature corresponded to the 
roe in room temperature The temperature of the fingers then rapidly 
increased to 34°C From the time of turning on the heat the rectal 
temperature fell very slowly , immediately after the rise in temperature 
of the fingers it fell more rapidly, 0 12°C m 20 minutes The rectal 
temperature then began slowly to roe and at the 176th minute of the 
experiment, 84 minutes after applying the heat, the temperature of the left 
great toe commenced to roe Following this the rectal temperature rose 
more rapidly , nevertheless, at the end of the experiment, 110 minutes later, 
it had only nsen 0 46°G The mam roe took place within 26 minutes of 
the roe m temperature of the left toe Even at the end of the experiment 
the temperature of the right toe did no more than follow the room temperature 

Several observations were thus made First, was the insignificant 
effect of the hot air bath upon the rectal temperature Although the air 
within the hot air bath rose to a temperature of over 60 °C no marked roe 
m rectal temperature occurred This observation suggests that the method 
of heating employed was inadequate to effect a roe m rectal temperature 
Secondly, the alteration of rectal temperature associated with the various 
manipulations claims attention Following the exposure of the hands in a 
warm state, and the feet m a cold state, to the cool air of the room, a fall 
m rectal temperature occurred Again when the blankets were removed 
from the trunk a further fall m rectal temperature was registered , this fall 
was of slightly less degree than that following exposure of the warm hands to 
the cool atmosphere Yet again, when the hands warmed following the 
turning on of the heat, the rectal temperature fell These observations 
point to the extreme dekcaoy of control over rectal temperature which may 
be played by the state of the blood vessels of the skm Thirdly, it is of 
importance to note that the vessels of the toe of only one foot dilated although 
the experiment lasted three hours after applying the heat 

It becomes, therefore, a necessity to attempt to explain the reason 
for possible delay m dilatation of the vessels of one extremity, and m the 
following experiments attempts were made to determine the causative 
factors 

Experiment 2 Fig 2 A , 3/2/34, dressed in a tennis shirt and shorts, 
lay on a couch At A , after a control period of seventeen minutes, the 
arms were placed in tanks of water at 44 6°C to 46°C , and at B , at the 
87th minute of the experiment, were immersed m water at 11 0°C At 
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tho commencement of tho experiment the temperature of the toes was m 
the neighbourhood of 14°C During the control penod, the rectal 
temperature fell slightly (0 03 °0 ) Within sue minutes of the arms being 
placed in warm water the rectal temperature began to rise rapidly At 
tho 53rd minute of the experiment, 36 minutes after the arms were placed 
m w arm water, the toes commenced to rise in temperature At this time 



the rectal temperature had reached 37 81°C , a nse of 0 61°C In this as 
m -ksperu&ent 1, the room temperature was in the region of 14°0 

This experiment demonstrates that the vessels of both feet of this 
subject can dilate, and do so in association with a rapidly rising rectal 
ta»p™t»re This * the tot pent Secondly, £ 

experiment 1 the deduction might be made thaTthe me 
bIood temperature, as indicated by the nse in rectal temperature in 

ZXS m S e^:r? ** 01 ** 
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As a result of theBe two experiments it is necessary to determine if 
the rising temperature of the blood is really a stimulus for the production 
of vasodilatation To examine this problem three experiments were earned 
out 

Experiment 3 Fig 3 3? T , 6/9/34, a young male adult who had 

sustained a spinal fracture, causing loss of function below the level of the 



Fig 3 


12th dorsal segment of the spinal cord, was the subject At a later post- 
mortem examination it was found that below this level, apart from the very 
tip of the conus medullans, there was no tissue reoogmzable microscopically 
as nervous tissue 

He was subjected to the following procedure Lying naked on a couch 
temperature readings were obtained from the tip of the third finger of eaoh 
hand Rectal temperature was also taken At A , after a period for control, 
his legs were immersed up to the kneeB in a tank of water at 44 6°C They 
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■were later transferred at B to water at 9 8°0 and ultimately returned at 
C to water at 44 4°C 

During the control period of 12 minutes the rectal temperature 
gradually fell 0 03°C , from 36 72°C , while the temperature of the fingers 
kept nearly constant between 21°0 and 21 6°0 After placing the legs m 
hot water the rectal temperature began to rise in 54 minutes , after 16 & 
minutes, at which time both fingers warmed up simultaneously, the rectal 
temperature had nsen 0 60 °C Following the transference of the legs to 
cold water and, at the same time as the rectal temperature began to fall, 
the temperature of the fingers commenced to fall When the fingers had 
cooled down his legs were again placed in warm water , a rise m the 
temperature of the fingers followed 28 minutes later The rectal temperature 
at the second dilatation of the finger vessels was 0 44 °C lower than that at 
the previous dilatation 

Three pomts are of interest in this experiment First, vasodilatation 
m the hands was produced by warming the legs whioh had no nervous 
connection with the rest of the body Therefore, the dilatation m the hands 
could only be dependent upon the increase of temperature of the circulating 
blood Secondly, vasoconstriction occurred on placing the feet m cold 
water Thus the falling temperature of the blood produced vasoconstric- 
tion Thirdly, the second vasodilatation occurred when the temperature 
of the blood was at a lower level than at the time of the previous 
dilatation 

Experiments 4 and 5 McK , 31/1/34, 11/4/34, a young adult with a 
spinal fracture and evidence of rupture of the cord at the level of segment 
D12, was subjected on two occasions to the procedure used in experiment 3 
Each time dilatation of the vessels of the fingers occurred only after the 
rectal temperature had begun to rise In the second experiment when, 
after cooling, warming up was again earned out, dilatation of the vessels 
of the fingers occurred when the rectal temperature was 0 16°C lower than 
with the first dilatation 

These two expenments uphold the view that the heating of the blood 
plays a part in bringing about dilatation of the vessels of the hands 

From a study of expenments 2, 3, 4 and 6, it is seen that the method 
of immersion has always produced dilatation of the vessels of the digits 
under examination This has been confirmed by very many expenments 
m healthy adults Thus this method appears the better method for causing 
vasodilatation Also expenments 2, 3, 4 and 6 demonstrate that a nse of 
blood temperature is associated with vasodilatation The presence of any 
local condition accounting for the delay in one foot, as in experiment 1, 
remains to be determined That this delay was no mere isolated occurrence 
is rendered clear by the following descnption of other expenments In 
these a delay m vasodilatation was found m one or other limb 
when the hot air bath was applied as the method for the production of 
vasodilatation 
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Experiment 6 Ftg 4 A healthy young adult, A C , 26/2/Si, whose 
digital vessels dilated normally when the method of immersion was used, 
was subjected to the following procedure He was kept lying under blankets 
with hot water bottles for 32 minutes, the face alone remaining exposed 
During this period the rectal temperature fell from 37 04°C to 36 77°C 
The hot water bottles and blankets were removed at A and a fall m 
temperature of both hands and feet was recorded and the rectal temperature 



caused to fall Eleven minutes later, at B when the temperature of the 
fingers and toes had fallen to between 20 °C and 21 °C, the hot air bath 
was applied Thirty-eight minutes after the apphcation of this form of 
heating the left fin g er warmed up, to be followed five minutes later by the 
nght finger Dur ing this period there was a rise of rectal temperature of 
0 08°0 , but after the rise of temperature of the fingers the rectal temperature 
commenced to rise more rapidly until the 164th minute of the experiment, 
when the temperature of the left toe rose This occurred 121 minutes 
after the apphcation of the hot air bath At the end of the experiment 
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(192 minutes) the nghfc toe had not risen in temperature apart form an 
ill-sustained nse to 22 6°G a few mmutes before the termination of the 
experiment 

Tins experiment shows clearly the delay which may occur m dilatation 
of the vessels of individual limbs, and also how in the upper limb a delay 
may occur as well as m the lower limbs This delay occurred in spite of 
the fact that the hot air bath had reached a temperature of 51 0°C 

A second subject was similarly investigated on four different occasions 
using the hot air bath as the method of warming In one experiment the 



d,glts of the , txvo Iovrer tod* ^ated together, thus demonstrat- 
^ f at tbere no abnormality of the vessels of the toes A lack of 
ynchromcity of dilatation of the vessels of the toes was established m the 
other experiment The following is a representative experiment 

ProaeS™!? 1 *, M ’ 26/10/33 > ™ 8 Ejected to the following 

thTw^ fa tL l W6re Pkced 111 cold water aTb 

hey were taken out and dned During the period of immersion the rectal 
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temperature rose from 36 76°C to 36 87°C On applying the hot air bath 
at C there was a considerable fall m rectal temperature, and 16 min utes 
after its application both fingers rose in temperature This me in digital 
temperature was followed by a more rapid fall m rectal temperature which 
gradually lessened and began to rise 36 mmutes after the rise in finger 
temperature Four minutes after the rectal temperature began to rise the 
temperature of the left toe rose Fifty minutes later, at the end of the 
experiment, the right toe had shown no sign of warming, and at this stage 
the experiment was terminated 

ThiB experiment shows an increase in fall of rectal temperature following 
dilatation of the vessels of the hands It also shows that the dilatation of 
the vessels of the hands may occur with the rectal temperature aotually 
fa llin g It confirms a previous observation that the vessels of one or other 
foot may show delay in dilating From this experiment it is apparent that 
a nse in rectal temperature associated with immersion of the handB and feet 
m cold water may occur 

In the four experiments on this subject, the order of dilatation of the 
vessels of the feet varied though m one experiment the vessels of both feet 
dilated together These experiments offer strong evidence that the method 
of the hot air bath is not a satisfactory one for causmg dilatation of the vessels 
of the lower hmbs, and any delay in the dilatation on one Bide need not 
necessarily indicate a defect of conduction in the central or peripheral nervous 
Bystem, or a gross pathological change in the blood vessels 

Two further experiments demonstrate clearly the lack of concurrent 
dilatation of the hmb vessels when the hot air bath is used In the previous 
experiments attention has been chiefly paid to the temporal relationship 
between events of dilatation in the feet, but in the following experiments 


the lack of unity of behaviour of the vessels of the hands, capable of showing 
synchronous vasodilatation, will be demonstrated 

B S , a young female adult who had been admitted to hospital for 
occasional headache which was not the result of any demonstrable organic 
condition was the subject of two experiments In one it was demonstrated 
that the vessels of similar hmbs dilated synchronously In the second 


experiment the vessels of the fingers of the two upper hmbs dilated at different 
intervals following the application of the hot air bath The following 


description of the experiment shows this 

j Experiment 8 Fig 6 B S , 16/12/33 During the early stages, 
while covered with blankets, apart from the head, the rectal temperature 


fell Twenty-six minutes from the commencement of the experiment, 
with the subject still covered, the rectal temperature began to nse Five 
mmuteB later, on removing the blankets at A the xeotal temperature rose 
more steeply, while that of the digits fell The hot air bath was then applied 
and turned on at B At the end of five mmutes the right finger became 


warm, while the rectal temperature was rising , but the left, though it rose 
m temperature slightly, ceased to warm, and did not do so fully till 60 
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minutes later Following the dilatation of the vessels of the right finger 
the rectal temperature fell 0 16°C in 30 minutes Subsequent to the fall 
m rectal temperature a rise commenced and 25 minutes after the rectal 
temperature had risen the left finger began to warm Thirty-seven minutes 
later a rise m the temperature of the toes occurred, then a fall, and finally 
a rapid rise to 33°C 



The experiment demonstrates the nse in rectal temperature which mav 
occur on exposure of the body to cool air This had also occurred m the 
otto experiment on thie subject It further shows the delay in ddatabon 

beoa m ” d I 4 ” 11 from 1 previous experiment were known to 

be capable of dilating synchronously with those of the other 

vn r , c ,°°f denQ g effect of local conditions upon the time of onset of 

. T m a ™ rk of Lei " B and collaborators should be 

and Pickering (2) established that there was a delay m 

nrnnJif a ° f tke colder limb Several experiments were undertaken to 
amplify the observations of Lewis and his collaborators 
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Experiment 9 Fig 7 AC, 16/2/34, placed the left hand m a loosely 
fitting rubber glove m a basm of cold -water at 12°C , for ten minutes, so that 
the temperature of the hand was 8°C colder than the foot of the same side 
The limbs of the opposite side were placed in warm water at 45 °G at A , 
and within 9 minutes the temperature of the toe rose, to be followed 6 minutes 
later by that of the gloved finger 

Experiment 10 Fig 8 AC, 1/2/34, while lying on his back raised 
Ins right leg on a support so that the big toe was 76 cm higher than the left 



Figs 7 and 8 

big toe The arms were then placed in warm water at A and an adequate 
nse in rectal temperature was obtained The left toe showed a rise m 
temperature 14 mmuteB after immersion of the arms in water, but 36 minutes 
later the right toe still remained at a low temperature The right leg was 
then lowered at B to the horizontal level , within two minutes the toe 
began to warm slowly, and 40 minutes later had only reaohed a temperature 
of 26°C , the left toe then having a temperature of 36°C Both legs were 
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then raised at 0 , "when a fall in the temperature of the two toes ooourred in 
spite of a continued rise m rectal temperature Six minutes later, at D , 
the feet were lowered to the horizontal The left toe immediately began 
to nse in temperature, but the temperature of the right toe continued to fall 
These two experiments demonstrate the effect of local conditions on 
the time of onset and character of vasodilatation, posture and initial 
temperature being of great importance 


Discussion 

From the experiments recorded several deductions may be made 
Since the rectal thermocouple was situated 6 cm or more above the anal 
sphincter it may be assumed that the temperature recorded here closely 
indicated the temperature of the blood circulating to the deeper tissues of the 
body Accordingly it will be accepted for the purpose of this discussion 
that the rectal temperature indicated the arterial blood temperature and m 
all probability the temperature of the blood going to the central nervous 
system There is not sufficient evidence to Btate that the rectal temperature 
represents accurately the actual arterial blood temperature , it may safely 
be assumed, however, that the rectal temperature, as recorded m these 
experiments, indicates the time and oharaoter of the variations of the 
arterial blood temperature The variations found m the rectal temperature 
m these experiments raises the question as to the accuracy of this method 
of temperature registration Care was taken throughout these experiments 
to avoid any extraneous factor which might affect the registering system 
The possibility of a leakage of current from the hot air bath to tho system 
was carefully controlled and all the wires were mBulated throughout The 
temperature of the digits indicates the volume of tho blood-flow m tho digit 
required to maintain the digit at any given temperature Tho greator tho 
flow of blood through a digit tho higher tho temperature of a digit 
Consequently a rise in temperature of tho digit, and vice versa, indicates 
vasodilatation and vasoconstriction respectively 

The alteration of the rectal temperature associated with the various 
manipulations deserve attention In subject S (Fig 6) on two occasions, 
exposure of the body to cold air was followed by a definite rise m rectal 
® un Ja jI y» m subjects A G (Fig 4) and A (Fig 1), on exposing 
the body to the room temperature, there was a slight rise in rectal temperature 

t o^S~ Til madQ by Llobermei8ter ( 3 ) A complete oxplnna- 
™ 6 m * eotal temperature is not at this moment possible ns this 

b hM n0t be0n fully mveBt ^tod However, it is possible 

P roduced b y tbe cooi air retards the heat 
wdh „ „ th k" tbus bringing about a conservation of heat in tho body 

q m reotal tem P erature Liebermeister believed that 

exposure increased the metabolism of tbe body The morease of rectal 
temperature m experiment 7 (Fig 5) when the hands and feet withoul 
previous warming were placed m cold water for a short period, may be caused 
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m this way, especially as this procedure produces a more profound general 
surface vasoconstriction than exposure to cool air 

It will be noted that in two experiments (Figs 1 and 5) when the hot 
air bath was used, vasodilatation in the hands ocourred during a fall m rectal 
temperature It is only possible to assume that some factor other than a 
rising blood temperature was the cause of this As the nature of this factor 
is uncertain, it would appear inadvisable to adopt the method of a hot am bath 
as an experimental means of producing vasodilatation, more especially 
m the presence of lesions of the central nervous system Further, as m 
normal individuals dilatation of the vessels of the hands or of the feet may 
not be simultaneous when a hot air bath is used, the method of the hot air 
bath is an inadequate one for the study of possible disorders of the 
vasodilating mechanism in patients with disease of the nervous system 
Two questions remain Is there any explanation for the apparent 
delay m the vasodilatation of one hmb 7 Is there an efficient method by which 
vasodilatation may be constantly established in normal individuals apart 
from the blocking of the sympathetic nerves by local anaesthetics ? 

Gibbon and Landis (1) have shown that vasodilatation maybe constantly 
obtained m normal subjects by immersing a hmb or hmbs w hot water, and 
our experience confirms their observations Pickering and Hess (6), however, 
record an instance of failure to obtain vasodilatation in the feet in an 
apparently healthy subject by this method By testing this method in 
patients in whom a spinal fracture had damaged the spinal cord, using the 
legs for immersion it has been demonstrated that vasodilatation occurs m 
the upper extremities Gibbon and Landis had previously shown that, 
in a patient with transverse myelitis, vasodilatation of the hands followed 
immersion of the legs in water at 43 °C The experiments recorded here, 
therefore, confirm their contention that m the absence of a nervous pathway 
the vasodilatation in the upper hmbs must be dependent upon a change in 
the temperature of the blood circulating from the lower hmbs That the 
rising temperature of the blood is an effective stimulus — probably the most 
effective — is apparent from a study of the charts from such cases, of which 
Fig 3 is a typical example Pickenng (4) from his experiments, in which 
rectal temperatures were taken, bebeved that the rise in temperature of the 
blood was the important factor It is possible that m addition to the altera- 
tion in blood temperature an alteration in blood chemistry may be a factor , 
but on this we have no observations Accepting a rise in blood temperature 
as the factor bringing about vasodilatation, the steepness of this nse is 
possibly of importance Experiments 1 and 2 suggest that this is so because 
in Experiment 2 the gradient is steeper than in experiment 1 In the former, 
the vasodilatation m the feet took place more promptly than in the latter, 
although the initial temperature of the hmbs and room temperature were 
approximately the same in both experiments These two experiments alone 
are cited from our .records which yielded many similar results The 
importance of the blood temperature gradient is again evident when reference 
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is made to the charts of cases heated by the hot air bath In all, the gradient 
of nse -was low, and vasodilatation was irregular This slow rise m blood 
temperature offers an explanation of the inadequacy of the hot air bath for 


producing vasodilatation 

Apart from the gradient of nse of blood temperature being of importance 
m bringing about vasodilatation, the actual temperature of the blood is of 
importance only when the hot air bath is utilized The higher the blood 
temperature, the easier it is to produce vasodilatation However, when the 
method of immersion is adopted the actual temperature of the blood is of 
lees importance and vasodilatation maybe produced at different temperatures 
of the blood, provided the gradient of nse is sufficiently steep This again 
points to the importance of the steepness of the gradient The method of 
immersion is of further interest since, by the transference of the limbs from 
warm to cold water, it is possible to produce a cooling of the blood and a 
vasoconstriction In fact vasodilatation and vasoconstriction may be 
produced as required Although it ib not our purpose here to discuss the 
best method of testing the function of the sympathetic system, it is apparent 
that vasoconstriction is more important to observe than vasodilatation 
Vasoconstriction is indicative of the activity of the sympathetic system 
Vasodilatation in the hmbs can only be taken to result from inhibition of 
vasoconstriction as the evidence m favour of vasodilator nerves to the vessels 
of the skm is unsatisfactory or unconvincing In a future paper observations 
on vasodilatation and vasoconstriction in hmbB of patients with isolated 
lesions of the nervous system will be recorded and discussed 


Although the inadequacy of the gradient of blood temperature has 
been suggested as explaining the lack of synchromcity in vasodilatation m 
two bmbs other considerations are worthy of scrutiny In favour of the 
inadequacy of the gradient of blood temperature nse are the observations 
that, following the dilatation m the hands, the blood temperature falls 
Presumably the vasodilatation is oamed out by the body to increase heat 
loss m order to keep the blood temperature nearly constant This fall m 
blood temperature after the vasodilatation m the hands was observed in 
several of the experiments descnbed It is possible that by the dilatation 
of one further limb, the blood temperature may be kept thereafter nearly 
constant, or the rapidity of nse of temperature of the blood reduced 
Expenment 1 suggests this It is difficult, however, to accept that such a 
delicate method of blood temperature adjustment is available, for it demands 
an anatomical basis which has as yet not been demonstrated by either 

to theTcttW^? 10616 ^ aDd P,cW g < 2 ) h *ve drawn attention 

Tf 5?^!* loca i™ ndltloI1B bave a marked effect upon the time of onset 

of Thm m conmdenn g the results obtained m the presence 

or lesions of the nervous system it is neoessarv tn j BUC0 

these observations of Lewis and his collaborators ThU S °° 1 nBld “ atl0n 
is of importance is demonstrated in expenment 9 when the hand °ff' faQtor 
cooler thao ttre fa* 
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Besides pointing to tlie importance of the local factor it upholds the view 
of Pickering and Hess (6) that the sequence of dilatation m face, hands and 
feet is probably dependent upon this local factor and not on any central 
mechanism Under local factors must also be mentioned that of posture 
Experiment" 10 demonstrates this clearly A lack of similarity in posture 
due to lesions of the nervous system may prove a factor in producing a lack 
of synchronous dilatation in the limbs of the two sides 

Conclusions 

1 Time of onset of vasodilatation is dependent upon local temperature 
of a limb, the posture of a limb and the rapidity of nse of blood temperature 

2 A hot air bath produces only a low gradient of blood temperature 

nse 

3 Immersion method produces an adequate gradient sufficient to 
overcome local conditions apart from severe changes m posture 

4 Hie time of onset of vasodilatation in limbs of a subject whose 
blood temperature is not rising rapidly Bhould not be accepted as an indication 
of disturbance of the nervous mechanism 
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OBSERVATIONS ON THE CAUSES OF (EDEMA IN CONGESTIVE 

HEART FAILURE 


By F H SMIRK 

( From the Department of Pharmacology, Egyptian University, Cairo * and 
the Medical Unit, University College Hospital, London, TV C 1) 


The evidence that oedema fluid is a simple filtrate of plasma has been 
reviewed briefly by the author in previous papers (1, 24) If oedema fluid 
is a simple filtrate of plasma there are certain factors which are bound to 
influence the passage of fluid into and out from blood vessels Firstly 
there is the effective capillary pressure, whioh is the capillary pressure minus 
the mechanical resistance of the tissues Secondly there ib the effective 
colloidal osmotic pressure of the plasma which is the colloidal osmotic 
pressure of the plasma minus the colloidal osmotic pressure^ of the oedema 
fluid The rate at whioh the fluid enters or leaves the blood vessels depends 
also upon a third factor the capillary permeability to water and 
crystalloids 

The purpose of this investigation is to Btudy the factors whioh affect 
the passage of fluid through the capillary blood vessels in normal subjects 
and m cases of congestive heart failure, so as to ascertain the conditions 
which lead to the development of oedema m the heart failure cases For 
convenience in presentation of the subject the factors will not be discussed 
m the order in which they are enumerated above 

The effects of changes in the output of urine and of alterations in salt 
metabolism have an influence upon the accumulation of oedema fluid but 
are not a subject for discussion in this paper 


1 The effective colloid osmotic presstjee of the plasma 
It has been explained already that the effective COP of the plasma 
is equal to the C 0 P of the plasma minus the 0 0 P of the oedema fluid 


(fl) The colloid osmotic pressure of plasma m health and m congestive heart 
failure 

The plasma C 0 P’s of 6 normal subjeots were measured 
and were found to be 39, 34, 37, 36, 37 and 37 cm of water, and 

* Present address 

t Colloid osmotio pressure m COP 


directly (24) 
in 7 subjects 
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•with congestive heart failure with oedema were 29, 26, 23, 29, 38, 26 and 
30 cm of water Blood had not been removed recently from any of the 
subjects Similar differences between the plasma OOP in health and 
congestive heart failure are reported by almost all who study the subject 
The fact that almost all of some twenty observers report that the albumin 
and globulin percentages in plasma are substantially lessened in most cases 
of congestive heart failure is evidence m the same direction This last point 
has been confirmed recently by Thomson (26) An idea of the magnitude 
of these differences between the plasma COP m health and congestive 
heart failure is obtained from Fig 1 It will be seen that m congestive 
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Fig 1 The colloid osmotic pressure of the plasma in health and congestive heart failure 
A cross marks the value in a normal subject 
A white circle the value w a case of congestive heart failure 
A black circle, the average of several values obtained from normal subjects 


heart failure the plasma COP may be near to normal or much depressed 
Where the clinical details have been reported it is also clear that values 
near normal are more frequent in cases with httle oedema and, that low 
values are usual if the oedema is severe Furthermore, P Meyer (19) has 
shown with the utmost clarity that clinical improvement m cases of congestive 
heart failure is accompamed by a return of the plasma COP towards normal 
The degree of this increase in plasma COP during ohnical improvement 
averaged 7 cm of water m 10 experiments As the fall of plasma COP 
in heart failure depends on the seventy of the failure the values obtained 
by the various observers must depend upon their selection of olimcal material 
It is seen (Fig 1) that the average degree of difference m the plasma C 0 P’s 
between groups of normal and of heart failure subjects irrespective of their 
seventy is usually in the region of 6 to 10 om of water Individual cases 
of heart failure may present values whioh are 16 to 20 om below the average 
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for healthy subjects Unfortunately while the above relationship between 
the plasma C 0 P’s m health and in congestive heart failure is desonbed by 
almost all observers, the actual values obtained for the plasma GOP 
differ from one observer to another By some the average normal plasma 
C 0 P is thought to be 30 cm of water, by others 40 cm of water Most, 
including the present wnter, find the average normal value in the region of 
36 cm of water For tins reason the normal values obtained by one technique 
should not be compared with the values in congestive heart failure obtained 
by another technique But wherever the relationship is studied using the 
same technique throughout the experiments there is a fair correspondence 
between the plasma C 0 P as measured by the osmometer and as calculated 
from the percentages of albumin and glob ulin m the plasma 
(b) The colloid osmotic pressure of oedema fluid in congestive heart failure 
The COP in oedema fluid is determined in the same way as it is m 
plasma except that the correction for dilution or concentration of the plasma 
colloids during dialysis is omitted With oedema fluid thiB correction is 



Flg 2 ?f tes of of hand® with artificial venous congestion The congesting pressure 

was 68 and 60 om water in the heart failure and normal case respectively 


small and may be neglected The C 0 P of samples of oedema fluid removed 
from cases of congestive heart failure is usually between 2 and 6 om of water 
The actual values in 6 cases are 1 5, 3 0, 6 9, 4 7, 3 3 cm Similar values 
are obtained by other observers The low COP m plasma and the 
presence of a C 0 P m the oedema fluid both reduce the effeotive colloid 
osmotic pressure of the plasma My own results and those of other workers 
indicate that the fall m effective plasma C 0 P may be only a few cm or as 
great as 18 om of water The average fall is about 11 cm of water 

If oedema fluid is a simple filtrate of plasma the fall in the effeotive 
COP of plasma must further the development of oedema by lessening 
reabsorption We must next consider whether a fall of 10 or 15 om of water 
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in the effective COP of plasma is of itself sufficient to cause cedema I 
have confirmed what is already a well known fact, that apart from congestive 
heart failure one may have a fall m the COP of plasma of 10 or 15 cm 
of water below the normal without oedema developing even when the patients 
are allowed to adopt the standing posture (8, 9, 10, 11, 13) This is most 
evident in cases of malnutrition, after haemorrhage, m nephrosis and some- 
times though less often m the nephrotic stage of glomerulo-nephntis 
Therefore, we may deduce that the fall m the effective C 0 P of plasma in 
congestive heart failure is usually insufficient, of itself, to ensure the 
development of oedema 

2 The permeability of the capillary bed in the arms of normal 

SUBJECTS AND OF SUBJECTS WITH CONGESTIVE HEART FAILURE 

We must next consider whether the capillaries in congestive heart 
failure and m health are equally permeable to water with its dissolved 
crystalloids This is done by comparing the rates of passage of fluid out 
from blood vessels under equal filtration pressures In order to equalise 
the effective filtration pressures it is necessary to correct for the lower plasma 
COP in the cases of congestive heart failure Sphygmomanometer cuffs 
are placed round the arms of normal and heart failure subjects In eaoh 
case the cuffs are inflated to a pressure which is equal to the measured plasma 
COP of the case plus an arbitrarily chosen pressure of 20 cm of water 
In this way the venous pressure is raised to such a level m each experiment 
that the difference between the venous pressure m the arm and the plasma 
COP is the same in all instances namely 20 cm This increased venous 
pressure is maintained for 5 hours and causes swelling of the arm both in the 
normal and in. the heart failure subjects The amount of swelling is measured 
by a simple plethysmograph, which has been described in a previous paper 
(24) 

Results showing the hourly increase in the hand volume are shown in 
Fig 2 The lower curve is from the normal, the upper curve is from congestive 
heart failure Increases in hand volume expressed m c c per 100 o c of 
hand per 5-hour periods are 6 6, 6 4, 6 0, 0 0, 6 4, 3 8, 5 0, average 6 7 in the 
normal subjects and 9 2, 9 4, 7 0, 13 6, 14 6, 14 4, average 11 4 m the patients 
with congestive heart failure (Fig 3) Evidently the capillary bed as a 
whole is more permeable m the hands of cases of congestive heart failure 
than in health because in the same period of time, under similar pressure 
conditions it lets through more fluid 

During the period of congestion the skm temperatures of the hand and 
arm were measured by a thermopile and were usually 3 to 6 C less in the 
cases of congestive heart failure It is to be expected that the increases 
m the transudation rates in oases of congestive heart failure would be greater 
if their skin temperatures had been raised to that of normal subjects (6, 12) 
Moreover in attempting to secure equal effective filtration pressures we 
correct for the lower plasma COP m the cases of congestive heart failure 
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by congesting the hands at a lower venous pressure than, m the healthy 
controls By mechanical stretching of capillaries (and perhaps by opening 
up more capillaries) an increase in venous pressure is apt to increase both 
the surface area of the capillaries available for filtration and their permeability 
The degree of artificial venous congestion is less m the heart failure cases, 
consequently the surface area and permeability of the capillary bed in heart 
failure will not be increased so much by the artificial congestion as m healthy 
subjects where the degree of congestion is less Thus the correction we 
apply for the plasma COP difference is an over-correction which tends to 
minimise existing differences m the rates of oedema formation These 
considerations serve to emphasise the fact that the capillary bed as a whole 
is more permeable in the cases of congestive heart failure than m health 
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congestive 
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Fig 3 Bates of swelling of hands under equal effective filtration pressures 

If instead of applying a correction for the plasma C 0 P we apply equal 
degrees of venous congestion to the hands, the increased transudation rates 
m congestive heart failure oases measure the combined effects of a fall in 
plasma COP and an increase in permeability of the capillary bed as a whole 
As venous pressures are equal m this experiment the mechanical effeota of 
the venous pressure upon the capillaries are more comparable than m the 
previous experiment where the pressures were unequal Using equal venous 
pressures the increase of the transudation rates m patients with congestive 
heart failure is greater With a uniform pressure of 60 cm of water in the 
sphygmomanometer cuffs the transudation rates were 71, 50, 6 9, 39cc 
per 100 o c of hand per 6-hour period in the normals and 16 3, 20 4, 14 3, 
16 6, 10 2 11 0 c c per 100 c o of hand in the subjects with congestive heart 
failure If the average transudation rate is called 100% m the normal 
it is 200^ m the experiments where a correction is applied for the low 
plasma COP and 260% in the experiments where no such correction is made 
It is concluded that the permeability of the capillary bed as a whole to 
wafer and crystalloids is increased m the arm in cases of congestive heart 
failure and, if the increased permeability of the arm capillaries is an indication 
“T*; m J he P ermeab ^y Of the capillaries then this increase 

22, 1 ju T de 7f 0pinent of cedema that cedema fluid 

taken from the legs of heart failure subjects contains more protein than the 
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fluid from cases of hunger oedema and nephrosis m man and of plasma- 
pheresis oedema m animals suggests that the bloodvessels are more permeable 
to protein in congestive heart failure than in these other conditions If 
the permeabihty of blood vessels is increased to protein it must be increased 
also to water and crystalloids From his experimental work on animals 
Bolton (3) suggested that increased permeabihty of the capillaries may play 
an important part m causing the oedema of congestive heart failure These 
observations on man confirm Bolton’s deductions 

3 The effective cafillaey pbessttre 
(a) Introduction 

It has been explained already that the effective capillary pressure is 
the capillary pressure minus the mechanical resistance of the tissues to 
distension If oedema fluid is a simple filtrate of plasma then a rise of 
pressure m a group of capillaries must further the local development of 
oedema There is however no single capillary pressure but a range of 
capillary pressures So that if we are dealing with oedema of a foot we 
should consider the entire filtering surface of the capillaries in that foot and, 
if capillary pressure is to supply us with any useful information we should 
know how much of the surface is subjected to the higher pressures encountered 
in arterial capillaries and how much to the lower pressures in venous 
capillaries Moreover we cannot assume that the entire surface of the 
capillary bed is uniformly permeable (21) therefore we should also discover 
how the capillary pressure is distributed in relation to capillary permeabihty, 
for with equal pressures more fluid will pass through the more permeable 
parts of a capillary These relationships, however, all rest in obscurity 
Hence we beheve that, m relationship to oedema, measurements either of 
individual or of average capillary pressures whether accurate or inaccurate 
are misleading and have httle quantitative significance Therefore we have 
concentrated upon the relationship between venous pressure and oedema 
and have attempted no direct determinations of the capillary pressure 
It would seem that there are at least 7 points to be considered in relating a 
venous pressure increase to oedema formation 

1 There is good evidence that an increase of x cm of water m the 
venous pressure does not produce an increase of as much as x om of water 
in the average capillary pressure 

2 It is probable that the resistance of the tissues to distension 
increases with increase m venous pressure This is to be expected as the 
arm swells owing to an increase m its blood content Thus the effective 
capillary pressure tends to be increased by less than the increase of venous 
pressure 

3 With higher venous and capillary pressures the percentage 
concentration of the plasma protein rises within the capillaries owing to the 
greater loss of a protein poor fluid from them This tends to diminish the 
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effective filtration, pressure by raising the OOP of the plasma of capillary 
blood 

4 A rise m the venous pressure by diminishing the pressure difference 
between the brachial artery and the large veins will tend to slow the 
circulation through the arm and other things remaining the same, this will 
cause the capillary pressure to become more nearly equal to the venous 
pressure 

The above factors will tend to make the rate of transudation of fluid 
less than would otherwise be expected There are however three other 
factors which will tend to make the rate of transudation of fluid greater than 
would otherwise be expected 

6 An increase in capillary pressure will increase the surface area of the 
capillary bed available for filtration, partly by stretching of capillaries and 
perhaps also by causing capillaries to open which previously were closed 

6 The stretching of capillaries will tend to increase the permeability 
of the capillary bed by thinning of the capillary walls 

7 The occurrence of reactive hyperaemia as a result of prolonged venous 
obstruction (16) will tend to increase the capillary pressure 

It is interesting to note that despite all these possible variables Landis 
and Drury and Jones obtained a straight line relationship between the degree 
of artificial venous congestion in normal human subjects at rest and the rate 
of accumulation of oedema fluid This straight hne relationship might be 
interpreted as evidence that oedema fluid is a simple filtrate of plasma and 
that a balance of the forces of capillary pressure and plasma C 0 P is largely 
responsible for the interchange of fluid through the capillary blood vessels 
The conclusion itself rests already upon a firm foundation and some of the 
evidence in its favour has been admirably reviewed by Landis himself 
In view of the large number of variables involved it seems however, to the 
present writer as also to Landis (personal communication) that the straight 
hne relationship observed by Landis and by Drury and Jones should be 
regarded as a remarkable coincidence rather than strong evidence in favour 
of the view that oedema fluid is a simple filtrate of plasma 

In the following pages a study will be made of the relationship between 
venous pressure and mdema, first in subjects who are at rest andsecondly 
m subjects who are not at reBt y 

(b) The pressure tn the veins on the dorsum of the foot in the normal and m 
congestive heart failure tn relation to the general venom pressure 

^ P T 6nt ' Wnter 18 awar£j no observations on the relationship 
between the general venous pressure in heart failure and the pressure in 

^T h6 °i t e "JTS" Iegs have been Polished hitherto In this 
seofaon the relationship between the general venous pressure and the venous 

g8 “ “ DOmal 8ubjecta and s * b J ects ™*h congestive 
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The pressure in the veins on the dorsum of the fool in normal subjects 
The apparatus consists of a sharp medium bore needle A attached to the two 
way tap B through which it may be connected either with the record syringe 
C or alternately to the side tube D This side tube D is connected by a 
rubber tube E to the glass T-piece F The vertical hmb of the T-piece is 
joined to a long glass tube G (internal bore 2 mm ) which lies in front of a 
scale H The remaining hmb of the T-piece is joined by a rubber tube I 
to a glass reservoir J which is closed by sterile wool The rubber tube I 
is interrupted by a glass tube K containing a constriction Pmchcooks 
are placed at L and M The apparatus is made sterile and the tubes are 
filled with 1% sodium citrate and air bubbles are removed from the tubes 
The tap B is turned so that the needle A is filled with citrate solution and 



the cocks L and M are then closed The height of the column of citrate 
m G should be roughly equal to the expeoted venous pressure The tap B 
is now turned so as to connect A and C and the needle A is thrust into a vein 
on the dorsum of the foot Venupuncture in this situation is difficult 
The needle is best inserted first through the skin but avoiding the vein and 
is freed by moving to and fro The needle ib then reinserted through the 
hole made m the skm and made to enter the vein There should be a free 
flow of blood into the record syringe C before the tap B is turned so as to 
bring the needle A into connection with the manometer The pmohcook M 
may then be opened and the zero of the scale H is placed on a level with 
the point of the needle A The readings of the manometer are corrected for 
capillarity and may be taken during as long a period as an hour provided 
the cock L is opened at intervals of 2 minutes in order to wash out blood 
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from A, B or D The capillary leak K. prevents a sudden rush of fluid 
on opening the cock L 

The following experiment is one of 5 which gave amnlar results 



Fig 6 Level of the venous pressure in the right foot under various conditions 


B 


Protocol —The needle is placed in the nght internal saphenous vein as it arches over the dorsum 
of tho foot The levels of the crosses shows the venous pressure in various circumstances 
The figures for the resting venous pressures A and I are obtained m the time intervals 
between the performing of experiments B to H and J to L 

Observations in the standing posture 

\ The subject stands aa still os he is able Tho weight of the body is earned equally 
by the two limbs 

The weight of the body is earned by the left leg and the musoles of the nght leg are 
relaxed ° 

The heel of the nght foot is raised about a centimetre off the ground and most of the 
weight of the body is earned on the toes of the nght foot 

After supporting most of the weight of the body on the toeB of the nght foot fas m Cl 
the heel is lowered to the ground and the muscles of the nght leg ore relaxed 

Hie weight of the body is transferred alternately from one foot to the other, the heels 
being raised about 1 cm from the ground The knees are not bent 

“ performed, m which the knees and ankles are alternately flexed and 

° t * ab ?n t thTee 9 uarters of a second The exercise is performed 
in a confined men close to the manometer 

Strong expiration with closed glottis 

Deep respiration tlirough the mouth 

Observations in the sitting posture 

The subject is at rest 
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Strong expiration with closed glottis 
Deep respiration through the mouth 


the muscles of the leg are stationary and the subject stands 

6 preSBUre of . blood at the pomt of the needle is just a few cm 
less than the pressure of a column of the citrate solution extending vertically 
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from the point of the needle to the sterno-manubnal junction This is true 
whether the muscles are relaxed by allowing the leg to hang loosely with the 
weight supported upon the other leg or contracted but stationary Much 
more muscle control is required to keep contracted muscles stationary and 
the least movement which a trained subject can detect m himself will lower 
the pressure several cm 

When the subject stands with bent knees, or sits, the venous pressure 
m the foot also changes so that the column of citrate continues to extend 
to a pomt which is just a little below the sterno-manubnal angle 

In each posture investigated it has been shown repeatedly that forced 
expiration increases the venous pressure and, deep respiration increases 
the amplitude of the respiratory changes in venous pressure making little 
difference to the average level of the pressure ExerciBe of any kind involving 
the legs decreases the pressure m the foot veins and after exercise ceases, 
the subject remaining at rest, the level of the citrate then returns to just 
below the sterno-manubnal junction These changes in venous pressure 
with the subsequent return to the resting level Bhow in each experiment that 
the manometer is responding readily to changes m pressure The venous 
pressures m the legs of normal subjects were studied also in the semi-recum- 
bent posture m which the oases of congestive heart failure are examined 
and the same relationship between venous pressure and hydrostatic pressure 
is observed m this posture 

The pressure tn the veins on the dorsum of the foot in cases of congestive 
heart failure ioiih oedema of the legs Clean insertion of a needle into the 
lumen of a vein m an cedematous leg is difficult The apparatus is prepared 
as for the corresponding measurement in the normal foot The redema 
fluid is pressed away until a suitable vein is found and the skin over this 
vein is anaesthetised with novocaine {without adrenalin) Before making 
any measurements the shaft of the needle must extend well up the vein 
and the proper communication of the manometer with the vein must be 
tested by forced expiration whioh raises the venous pressure, by upward 
massage of the leg above the needle which lowers the pressure and fay 
momentary venous congestion which raises the pressure When it is clear 
that a proper communication with the vein has been established the venous 
pressure at rest is recorded with the body inclined at different angles 
Several measurements of venous pressure are made m each position 
Between each measurement of venous pressure the level of the citrate is 
raised by allowing citrate to flow m from the reservoir and the excess of 
citrate in the manometer is allowed to run into the vein until the correct 
venous pressure is recorded !For each inclination of the trunk the height 
of the sterno-manubnal junction above the point of the needle m the foot 
vein is measured The vertioa! height above the sterno-manubnal junction 
of the highest level of pulsation in the neck veins is an index of the height 
of the general venous pressure It is found that m the heart failure case at 
rest the top of the column of citrate comeB to within a few cm of the highest 
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level of venous pulsation m the neck The results are summarised m Fig 6 
The venous pressure at the point of the needle is usually just a few om less 
than the general venous pressure plus the height of a column of citra 
extending from the stemo-manubnal junction down to the point of the needle 
in the foot vein As in health so in congestive heart failure this relationship 
is maintained in several postures provided that the subject remains at rest 
for a minute before and during the measurement of pressure Thus if the 
general venous pressure and the vertical distance between the sterno- 
manubnal junction and the point of the needle in the foot vein are known 
then at rest the venous pressure at the pomt of this needle may be calculated 
It is clear that at rest an increase in the general venous pressure will produce 
a corresponding increase m the venous pressure of the foot 



Fig 6 The relation between general venous pressure and the venous pressure m the legs of 
patients with congestive heart failure 

Slack circles represent the height m cm of the highest level of pulsation in the neek 
vcuib above the point of the needle in the foot vein 

White circles represent the pressure recorded in a manometer connected with the needle 
in the foot vein 

The sub groups represent observations made in the some posture 

(c) The effect on oedema formation of a rise m the general venous pressure 
when the patient t« af rest 

When healthy individuals stand as still as is possible for the conscious 
subject for a period of 1 hour Blight oedema of the feet develops Most of 
the normal subjects attempting such experiments faint after about 40 minu tes 
immobility in the erect posture It is therefore impracticable to attempt a 
similar experiment on subjects with congestive heart failure Equal degrees 
of artificial venous congestion in the legs of heart failure and normal subjects 
cause a greater accumulation of fluid m the legs of the heart failure cases 
It seems likely that a high venous pressure in the legs caused by maintaining 
a state of immobility m the erect posture would give rise to a greater formation 
of rndema in the heart failure cases With less complete immobility of the 
muscles the venous pressure m dependent parts is made less because of the 
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pumping action of slight muscle movements upon the veins The lymphatic 
drainage also is aided by slight muscular movements 

The following observations were made m the hope of deciding whether 
a nse m the general venous pressure is essential to the development of 
oedema m cases of congestive heart failure In congestive heart failure with 
oedema the general venous pressure measured m relation to the manubnum 
sterm seldom exceeds 10 cm of water It is clear from section 3 b that at 
rest a 10 cm rise in the general venous pressure will produce a nse of about 
10 cm m the venous pressure of the legs If a counter pressure of 10 cm 
of water is applied to the outside of the blood vessels of the leg m congestive 
heart failure then the effect of an increase of 10 cm of water m the capillary 
pressure or in the local venous pressure will be neutrahsed If, m such 
circumstances, oedema continues to form it is clear that the combined effects 
of the various factors responsible for oedema other than increase m capillary 
and venous pressure are m themselves sufficient to cause oedema If, in 
congestive heart failure a counter pressure of 10 cm of water is applied 
and the general venous pressure is less than 10 cm of water then the effective 
venous pressure will be diminished to below the normal level 

In cases where oadema extends up to the knees manometnc measurements 
at the ankle of the oedema fluid pressure show that the counter pressure 
apphed by the oedema fluid itself may be greater than 10 cm of water at a 
time when oedema fluid is accumulating Thus m 4 heart failure subjects 
the pressures of oedema fluid were 10, 12, 4, and 18 cm of water Therefore, 
even when the effect of the increase m general venous pressure is counter- 
balanced by an external counter pressure, the remaining causes of oedema 
by themselves are sufficient m many cases of congestive heart failure to 
cause oadema This may be seen in oases where much oedema accumulates 
and it is evident that additional fluid has been retained in the body and not 
merely transported from one region to another Such instances of the new 
formation of oedema in the legs, despite the counter pressure of preformed 
oedema are matters of everyday clinical experience It may be observed 
where congestive heart failure develops m a patient who is resting m bed or 
where oedema re-accumulates after drainage through a subcutaneous 
incision 

An approximate estimate of the oedema fluid pressure may be gained 
without the use of a manometer If a patient with oedema rests in a heart 
bed with the legs dependent, a horizontal ndge which may be seen and felt 
usually marks the upper limit of gross pitting oedema If a hollow needle is 
inserted into the subcutaneous tissue and is then connected with a vertical 
glass tube the oedema fluid will rise in the tube to within a few cm of the 
ndge If there is no ndge the fluid rises usually to the highest level at which 
marked pitting oedema of the leg is observed When oedema extends half 
way up a leg of average length wluch is inclined at 30° to the horizontal 
the vertical height of the oedema above the ankle and therefore the pressure 
of oedema fluid at the ankle, oxoeeds 15 cm of water (Edema fluid has 
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continued to form after the effect of the nso in general venous pressure has 
been largely neutralised by the counter pressure of the oedema fluid 

Numerous clinical observations support the view that oedema in heart 
failure cases who are resting is due mainly to causes other than an increase 
m the general venous pressure In many patients observed by the author 
obvious pitting oedema was present over the manubnum and extended up to 
within 10 cm of the height of the general venous pressure as observed in the 
veins of the neck If oedema at this level is to be attributed to an increase 
in. venous pressure then it would be expected that normal people at rest 
would have oedema of the legs and body up to within about 10 cm of the 
level of oedema m suoh patients, for below this the venous pressure would be 
higher m the normal subjects than in the uppermost cedematous regions of 
the subjects with congestive heart failure 

In three cases of superior vena cava obstruction the pressure m the 
median basilic vein was observed to he 18, 31, and 20 5 cm above the level 
of the stemomanubnal angle without any oedema of the arm or hand b eing 
detected In contrast, oedema of the hands is met commonly in advanced 
cases of congestive heart failure even where the degree of venouB congestion 
is less than 10 cm , it has been observed frequently by the author with 
venous pressures of 3 or 4 cm 

It is clear that oedema may develop in cases of congestive heart failure 
wluch are resting although the effect of the rise in general venous pressure 
upon the venous pressure m the legs is neutralised by an external counter 
pressure In patients with congestive heart failure oedema may develop 
in situations where the venous pressure is normal * 


(d) The effect on oedema formation of a me m the general venous pressure when 
(he patient ts not at rest 

In Section 3 6 the effect of movement of the legs upon the local venous 
pressure of normal subjects is described Slight movement of the legs caused 

acw t a8 a8 20 /“ ° f ™ ter 111 to* venous pressure Sd Tore 
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who ere more active and require less rest Thus the diminished movement 
of heart failure cases will assist oedema formation by raising the average 
venous pressure in the legs above the normal The magnitude of this nse 
m the average venous pressure is much greater than the rises of general 
venous pressure which are encountered m congestive heart failure The 
diminished movement also will delay the removal of oedema fluid, for the 
rate of removal of surplus fluid will dimmish if the pumping action of the 
muscles upon the lymphatics ib decreased 

The conclusion that the hydrostatic effect of a 10 cm longer column 
of blood does not by itself cause oedema m subjects who are not at rest may be 
deduced from the following observations Short people, about 5 feet m 
height may get pitting oedema of the ankles when walking if they have heart 
failure even when the degree of venous congestion is less than 10 cm Yet 
tall people about 6 feet in height who are normal do not get pitting oedema 
of the legs If we consider the column of blood in the inferior vena cava, 
unsupported by valves, it is clear that in the 6 foot man the column is at 
least 10 cm longer than in the 6 foot man and the hydrostatic pressure 
correspondingly great Now as far as the legB are concerned it does not 
matter whether the pressure is high because there is a long inferior vena cava 
or because there is general venous congestion Therefore we must draw 
one of two conclusions Either the increase of 10 cm m the general venouB 
pressure does not explain the oedema or alternatively the permeability of 
the capillaries is adjusted normally to the pressure whioh they have to 
withstand, permeability being less m the tall than m the short subjects 
That this last explanation is not the case was shown by securing equal venous 
pressures by artificial venous congestion in the legs of 8 very tall and 8 very 
short subjects, all of them normal, and measuring the rates of oedema 
formation For this purpose the technique of Drury and Jones was used 
It was found (Fig 7) that with equal venous pressures there was no difference 
m the rates of oedema formation as judged by the percentage increase in the 
volume of the legB 

Clinical examples of increases m the venous pressure without oedema 
are not infrequent in oases where the heart ib healthy ThuB Range (22), 
Villaret, Sainte-Girons and Salasc (26), and Carulla (4) found a considerable 
rise of venous pressure, directly measured, in the leg veins of pregnant women 
The venous pressure increase was found to be present with the patient in the 
horizontal and also in the vertical posture After parturition the venous 
pressures subsided to normal Villaret, Samte-Girons and Salasc found also 
that a similar increase of venous pressure ooourred in the territory of the 
inferior vena cava in some cases of uterine fibroma and that the venous 
pressures returned to normal after hysterectomy The increase m venous 
pressure averaged about 6 cm of water m the pregnant women in the standing 
posture and was about 16 cm of water m the few cases of uterine fibroma 
which have been reported There is no doubt that increases of even 10 cm 
of water in the venous pressure augment the rate of transudation of fluid 
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appreciably (Section 2, Drury and Jones, Landis and Gibbon), bu tcluncal 
oedema %uU develop only when the lymphatics are unable to deal nnth tta 
increased transudation In a large proportion of the patiente studie y 
the above mentioned authors, no (Edema was observed The a J era g° 
increase in venous pressure m patients without oedema dying the lyt 
three months of pregnancy was 14 8 cm of water lying and 9 6 cm of water 
standing, m Rungo’s senes and 6 cm of water in the caseB of Villaret, Sa 
Girons and Salasc Evidently such increases of pressure in the territory 
of the inferior vena cava do not ensure the development of oedema in patients 
who are up and about Almost invanably 6 cm of venous congestion in 
patients with congestive heart failure is associated with oedema whether the 
patient is confined to bed or not 


8 TAIL SUBJECTS 8 SHORT SUBJECTS 

</6 lh or more of 5'4 or leas 



Fig 7 The permeability of the capillary bed m the legs is not related to the height of the subject 
Each vertical lino marked with a cross represents the increase in leg volume of a normal tall 
subject oi er 6 feet 1} inches m height or of a normal short subjeot under 5 feet 4 inches in 
height during artificial venous congestion at a pressure of 06 mm of mercury and at a 
temperature of 37°0 The measurements are made between the tenth and twentieth minutes 
of venous congestion The vertical lrnes marked with a black circle represent the average 
increases m leg volume for the tall subjects and for the short subjects The averages of 
the measurements of leg volume increases between the twentieth and thirtieth minutes 
showed a similar equality 


It may be objected that the increases of pressure m the inferior vena 
cava territory are not quite analogous to the increases in general venous 
pressure of congestive heart failure for these latter have the additional 
factor of slight obstruction to the outflow of lymph from the thoracic duct 
This objection does not apply to the examples already described of high 
venous pressure caused by obstruction of the superior vena cava in which 
there was no oedema 

With increases of 3 to 6 om of water in congestive heart failure cedema 
is usually present Increases of 3 to 6 cm of water without cedema are by 
no means rare however, when the heart is healthy as judged by its capacity 
for work Villaret, Sainte-Girons and Besanp on (27) have reported increases 
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of 3 cm of water in the venous pressure with spontaneous pneumo-thorax 
and a fall m this pressure after reducing the raised mtra-thoracic pressure to 
atmospheric In therapeutic pneumothorax the venous pressure was 
observed to increase by 1 to 8 cm of water and the above authors regard 
the higher rises of pressure as an indication of danger due to displacement 
of the mediastinum The present writer on the basis of about 30 cases 
without oedema finds increases of 2 to 3 cm of pressure are frequent m the 
arm veins and m two instances increases of 4 cm were observed using the 
direct method of measurement already described The pressure increase 
was also observed m the veins of the neck using the clinical method described 
by Lewis (15) 

Six cases of hepatic cirrhosis with a fair capacity for exercise and no 
oedema, four with and two without ascites, had increased general venous 
pressures of 4 to 7 cm of water without oedema In a patient with varicose 
veins but otherwise fit and engaged on hard manual labour m an engineering 
works the venous pressure measured directly in the arm was 6 cm on the 
first examination and 5 cm 6 months later This patient had no history 
of oedema and no oedema was found on the two occasions when the venous 
pressure was measured Slight increases of the general venous pressure 
without heart failure have been encountered also m massive pleural effusion, 
emphysema, hyperthyroidism and leukaemia, but such increases are not to 
be regarded as features of these disorders It is clear therefore that moderate 
increases m venous pressure may be present without oedema m cases where 
there is no evidence of heart failure 

It seems justifiable to conclude from the experimental and clinical 
evidence that increases of as much as 10 cm m the general venous pressure 
do not ensure the development of oedema The almost invariable occurrence 
of oedema in cases of congestive heart failure with as much as 4 cm of venous 
congestion indicates that the oedema m congestive heart failure is m a large 
measure due to factors other than the general venous pressure increase 

In subjects who are not confined to bed the average venous pressure m 
the legs of heart failure subjects is at a much higher level than m subjects 
who are active, because movements of the legs produce a large fall m the 
local venous pressure and the degree of fall is less m subjects whose movements 
are less active and are interrupted by frequent periods of rest 

(e) The effect on oedema formation of a uniform rise m the capillary pressure 
apart from the secondary effects of the nse in capillary pressure upon 
the blood vessels 

In Section 3 c it was shown that the rise in local venous pressure which 
results from increases of as much as 10 cm m the general venous pressure 
is insufficient to account for the oedema m congestive heart failure In 
this we consider the effect of venous pressure upon oedema formation without 
discussing the problem of whether the oedema which results is due mainly 
to the increased capillary pressure or is due to secondary changes m the 
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capillary blood vessels whioh are the result of the rise of pressure ■within 
theni These secondary changes in the capillary blood vessels include 
mcreaso m the surface area and permeability of the capillary wall and 
decrcaso in the rate of blood flow through the oapillanes We do not know 
whether tho combined effects of such secondary actions on the blood vessels 
assists or resists the development of oadoma It is for this reason that a 
discussion of the direct effect of a change in capillary pressure upon oedema 
requires separate treatment 

In tho previous sections arguments have been advanced which show that 
a riso in tho general venous pressure will cause a corresponding rise of the 
pressure jn tho foot veins and that this nse in local venous pressure will 
causo a nse of pressure in the local capillanes The average nse of 
pressure throughout the capillary bed is less than the nse of venous 
pressure which causes it Since in congestive heart failure the nse of general 
venous pressure is usually less than 10 cm it follows that the nse in the 
capillary pressure due to the increase in general venous pressure is likewise 
less than 10 cm Let us now discuss a hypothetical case in which the nse 
of capillary pressure is considered in relation to oedema formation apart 
from its secondary effects upon capillary surface, capillary permeability and 
other vnnants 


A fall of 10 cm of water in the plasma OOP will have the same effect 
upon the effectn e filtration pressure as a uniform rise of 10 cm m the capillary 
pressure On physico-chemical grounds there is reason to believe that the 
rate of filtration through a simple membrane vanes directly with the effective 
nitration pressure and that it does not matter very much whether a high 
effective filtration pressure is due to an increased mechanical pressure or to 
a decreased COP It is unlikely that this deduction can be venfied by 
exact expenments for it seems highly improbable that the direct effect 
of a nse m capillary pressure can be separated from the effect of those changes 
in the blood vessels whioh are secondary to this nse in pressnre Now a 

SJ ™ m the P 1 ^ GOP is insufficient of itself to cause 

in’ 9 ’ ; U \ I3, 14) ’ therefore we ma 7 flunk it likely that a uniform 

noon blld T ? ° apiU l ry pre68Ure ’ a P art from its secondary effects 
upon blood vessels is also insufficient to cause cedema 
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and as a result the reabsorption of fluid back into the blood vessels is 
decreased 

2 At rest the venous pressure m the legs is approximately equal to 
the general venous pressure plus the pressure of a column of water extending 
vertically downwards from the manubnum stemi to the situation where the 
venous pressure is measured Active muscular movements of the legs 
diminish the venous pressure in the legs by 10 to 100 cm of water Thus 
the incapacity for exercise of patients with heart failure increases the average 
venous pressure m the legs, throughout the day, to much above the normal 
The increase above the normal of the average venous pressure m the legs of 
heart failure subjects is produced mainly by their muscular inactivity and 
to a much smaller degree by the increase in general venous pressure The 
increases m the general venous pressure in cases of congestive heart failure 
are not by themselves sufficiently great to cause oedema All factors 
increasing the local venous pressure, however, will increase the effective 
filtration pressure and thus will increase the rate of transudation of fluid 
out from blood vessels Conversely the counter pressure of the oedema 
fluid on the outside of the blood vessels, which is exercised as the oedema 
accumulates, will decrease the rate of transudation of fluid 

3 The permeability of the blood vessels to water and to crystalloids 
is demonstrably increased in congestive heart failure and this augments the 
rate of loss of fluid from the blood vessels The increase m the permeability 
of the blood vessels to water and to crystalloids may be such that with equal 
effective filtration pressures the rate of transudation of fluid in congestive 
heart failure is twice the normal Increase in the permeability of the 
capillaries to water and crystalloids only influences the rate at winch loss 
of fluid from the blood vessels ocours and despite such an increase in capillary 
permeabihty, fluid will only leave the blood vessels in situations where the 
effective capillary pressure exceeds the effective colloid osmotic pressure 
of the plasma 

4 The magnitudes of the various faotors which combine to cause 
oedema m congestive heart failure differ from case to case Two of the 
important causes of such oedema, namely the increase in the capillary 
permeabihty and the fall m the colloid osmotic pressure of the plasma, 
are also partly responsible for the oedema m the nephrotic stage of glomerulo 
nephntiB 
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and as a result the reabsorption of fluid back into the blood vessels is 
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venous pressure is measured Active muscular movements of the legs 
dimmish the venous pressure in the legs by 10 to 100 cm of water Thus 
the incapacity for exercise of patients with heart failure increases the average 
venous pressure in the legs, throughout the day, to much above the normal 
The increase above the normal of the average venous pressure m the legs of 
heart failure subjects is produced mainly by their muscular inactivity and 
to a much smaller degree by the increase in general venous pressure The 
increases in the general venous pressure m cases of congestive heart failure 
are not by themselves sufficiently great to cause oedema All factors 
increasing the local venous pressure, however, will increase the effective 
filtration pressure and thus will increase the rate of transudation of fluid 
out from blood vessels Conversely the counter pressure of the oedema 
fluid on the outside of the blood vessels, which is exercised as the oedema 
accumulates, will decrease the rate of transudation of fluid 

3 The permeability of the blood vessels to water and to crystalloids 
is demonstrably increased in congestive heart failure and this augments the 
rate of loss of fluid from the blood vessels The increase in the permeability 
of the blood vessels to water and to crystalloids may be such that with equal 
effective filtration pressures the rate of transudation of fluid m congestive 
heart failure is twice the normal Increase m the permeability of the 
capillaries to water and crystalloids only influences the rate at which loss 
of fluid from the blood vessels occurs and despite such an increase m capillary 
permeability, fluid will only leave the blood vessels m situations -where the 
effective capillary pressure exceeds the effective colloid osmotic pressure 
of the plasma 

4 The magnitudes of the various factors which combine to cause 
oedema m congestive heart failure differ from case to case Two of the 
important causes of such oedema, namely the increase in the capillary 
permeability and the fall in the colloid osmotic pressure of the plasma, 
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OBSERVATIONS ON THE HISTAMINE YIELDING SUBSTANCE 
IN TTTF: PLASMA AND RED CELLS OF NORMAL HUMAN SUB- 
JECTS AND OF PATIENTS WITH CONGESTIVE HEART FAILURE 


By G S BARSOUM and F H SMIRK. 

( From the Department of Pharmacology, Egyptian University, 

Cairo ) 


A jeeteod for the estimation of a histamine-like substance in blood -was 
published recently by Barsonm and Gaddum (4) The method involves 
precipitation of the blood proteins by trichloracetic acid, filtration, treatment 
of the filtrate -with concentrated hydrochloric, acid, subsequent boiling for 
1 3 hours and evaporation to dryness in vacuo The dry extract is purified 
further and its histamine equivalent is deter min ed by biological assay on 
the rectal caecum of the fowl or on the ileum of the guinea pig There is 
strong evidence that the substance present in the extract obtained from the 
blood by means of the chemical treatment mentioned above is histamine (4) 
This -new is supported also by our finding that the histamine-like substance 
in the blood extracts is destroyed by a preparation containing histaminase 
It is not known, however, if true histamine is present in the untreated 
blood sample 

In this paper the substance m untreated blood which on chemical 
extraction yields histamine or a substance very like histamine is called 
histamine yielding substance, (H YE ) The concentration of H YE in 
untreated blood is expressed in terms of the histamine equivalent of blood 
extracts prepared by Barsoum and Gaddum s method It is still uncertain 
— nether EL YE and histamine are identical Evidence which indicates 
that ELYE is active histamine will be mentioned in this paper 

In a previous paper one of us (8) showed that the permeability of the 
capillary bed to water and cr y s t alloids is increased in congestive heart 
failure Barsoum and Gaddum (5) showed recently that in the dog a 
considerable increase in the concentration of H.YE is found in samples of 
whole venous blood taken from a limb during reactive hypersmna following 
a period of occlusion of the femoral artery It seemed possible that a more 
prolonged though smaller decrease in the rate of circulation of blood through 
a hxnh due to congestive heart failure might produce also an increase in the 
H.YE of the -enous blood- If H Y Y is active histamine an increase in 
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the H Y S of the blood in congestive heart failure cases might explain the 
greater permeability of the capillary blood vessels m this condition On 
clinical grounds the above explanation of the increase of capillary 
permeability in congestive heart failure seemed unlikely because as little 
as 7 or 10 y* of histamine when rapidly injected intravenously into a 
normal man causes flushing of the skin of the face The absence of 
pathological flushing from patients with congestive heart failure and oedema 
suggests that there is no appreciable excess of active histamine in the 
circulating blood of these patients 

The concentration of H Y S m blood was determined by the method of 
Barsoum and Gaddum (4) The error of the method is about ± 26% 
It was found that the concentration of H Y S in the blood samples was 
much above the normal m heart failure cases In 8 normal subjects the 
concentrations of HYS m whole venous blood were 0 06 — Oil y per c c 
(average 0 08 y per c c ) and m 8 subjects with congestive heart failure the 
concentrations were 0 08 to 0 30 y per c c (average 0 26 y per c c ) If 
t.his pathological increase of 0 17 y per c c of HYS above the normal 
were produced artificially m the blood of a normal man by intravenous 
injection of histamine much discomfort would result and there would be 
marked flushing of the skin vessels, a fall m blood pressure and histamine 
headache But despite the high concentration of H Y S m their bloods 
the patients with congestive heart failure showed no symptoms which might 
indicate the presence of an excess of active histamine in the blood Three 
possibilities are consistent with this apparent inactivity of the HYS m 
the heart failure cases The study of these possibilities forms the main 
subject matter of this paper 

1 The HYS may neither be histamine nor a substance with a 
histamine-hke action 

2 The subjects with congestive heart failure may be less sensitive to 
histamine than the normal subjects 

3 The increase in the concentration of HYS may be confined to 
the red cells 


Results 

The patents with congestive heart failure selected for the following 

observations were definite cases, with much dyspnoea ™ 

general venous pressure and usually ascites and oedema The subjects 

Led as controls were members of the laboratory staff or hospital out-patien s 

without serious disability 

1 Evidence concerning the activity and nature of H 7 S 
It has been reported (2) that the H Y S of dog’s coronary venous blood 
,s destroyed > rapitfiy°when the blood is incubated at 37°C with a preparation 
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containing lustaminase The effects of Anrep’s preparation of histammase 
(1) has now been tested on human blood The concentration of HIS 
in a mixture of normal human blood and lustaminase was estimated 
immediately after mixing and also after incubation at 37°C for 1 hour 
The results show that given time, histammase destroys HYS in normal 
human blood 


TABLE I 

The effect of a preparation containing histammase on the H TJS of whole venous blood from normal 

subjects 


Sample 

l 

Concentrations of HYS in y per c o of blood as estimated 
by Barsoum and Gaddura’s method 

j Immediately after addition 
of lustaminase 

One hour after incubation 
with histammase at 37° C 

1 

1 

1 

0 10 

0-05 

• ! 

0 08 

0 04 

3 

0 08 

0 06 

4 

• 

0 10 

0 05 


The effect of histammase on blood samples taken from cases of congestive 
heart failure was studied also These blood samples contain higher 
concentrations of HYS than the normal 


table rr 

The effect of a preparation containing histammase on the H TJS of whole venous blood from subjects 

with congestive heart failure 


Sample 

| Concentrations of HY8 in y per c o of blood as estimated 

by Barsoum and Gaddum’s method 

1 1 _ _ 

Immediately after addition 
of histammase 

One hour after incubation 
with histammase at 37°C 

1 

0 32 

[ 0 08 

2 

0 20 

0 06 

3 

0 34 

0-06 

4 

0 16 

0 06 


The HYS of blood is destroyed by histammase in the congestive 
heart failure cases just as it is destroyed also in the blood of normal subjects 
The fact that the H Y S of human blood is destroyed by histammase suggests 
that HYS may be identical with histamine It is possible that a non- 
specific histamine destroying enzyme may be the active agent in the 
“ histammase ” preparation used This possibility weakens the evidence 
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that the histamine like body m blood is histamine but other evidence 
concerning this question will be submitted later which is not dependent on 
the specificity of the preparation of histaminase 

Although the percentage of HYS present in 2 c c of human blood is 
insufficient to produce an appreciable fall in the blood pressure of the 
anaesthetised cat, the HYS is present in a higher concentration in tissues 
It was found that an extract with distilled water of 2 g of human hver 
when injected intravenously into an anaesthetised cat caused a fall of blood 
pressure If this extract is moubated with histaminase before injection, 
the fall of blood pressure is less This result is understood readily if the 
HYS m human hver is histamine or another vasodilator substance which 
is also destroyed by the preparation of histaminase 

To obtain further evidence concerning the nature of H Y S , the effect 
of histaminase on rabbits’ blood was Btudied Rabbits’ blood was used 
because it is known to be very rich mHYS The concentration of H Y S 
is about 10 y histamine equivalent per c c of blood and therefore if all this 
H Y S is histamine or a lnstamine-hke substance, small quantities of laked 



Fig 1 (X i) The effect of histaminase on the blood pressure lowering property of laked 
rabbits’ blood 

A Aotion on the cats’ blood pressure of $ c c of laked rabbits’ blood not incubated with 
the preparation of histaminase 

B Action on the cats’ blood pressure of J e c of laked rabbits’ blood moubated with the 
preparation of histaminase 

rabbits’ blood should cause a lowering of the blood pressure in an anaesthetised 
cat or dog and should cause contraction of a piece of isolated ileum A 
sample of laked rabbits’ blood was divided into two parts The first part 
was incubated at 37° C for 1 hour with histaminase and the other part was 
incubated under the same conditions without histaminase The blood 
which was incubated without hiBtaminase was now mixed with histaminase 
Immediately after mixing the incubated blood and histaminase, a portion 
of the mixture containing 1/3 co of the rabbits’ blood was injected 
intravenously into an anaesthetised cat or dog The effect of this injection 
was compared with the effect of injecting 1/3 c c of rabbits’ blood whioh 
had been incubated with an equal amount of histaminase It was observed 
(Fig 1) that the fall in blood pressure on injection of 1/3 o.o of rabbits 
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blood incubated with histaminase was slight There was, however, a marked 
fall of blood pressure in the control observations where the histaminase 
was only added to the blood after the blood had been incubated and 
immediately before the mixture was injected Six experiments of this 
type were performed and similar results were obtained in all of them It is 
shown therefore that the preparation of histaminase destroys the substance 
responsible for the blood pressure lowering effect of laked rabbits’ blood 
and also destroys the H Y S of rabbits’ blood as determined by the method 
of Barsoum and Gaddum 



Fig 2 ( X |) The effect of the preparation of histaminase upon the capacity of laked rabbits' 

blood to cause contraction of the guinea pig ileum 


Tn all of six experiments it was found that the capacity of laked rabbits’ 
blood to produce contraction of the G P J is almost abolished by previous 
incubation of the blood with histaminase (Pig 2) These observations make 
it likely that H YS is either histamine or a substance closely allied to 
histamine 

It was shown by Feldberg and Schilf (7) that when a large dose of 
histamine is apphed to a piece of guinea pig ileum there is a prolonged 
contraction of the ileum When this contraction passes off, after about 
1 hour, the ileum gives no response to the addition of further small doses of 
histamine The ileum remains sensitive, however, to other stimulants 
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such as acetyl choline, posterior pituitary hormone, barium, sodium 
hydroxide and distilled water (4) If, therefore, an unidentified substance 
causes contraction of normal guinea pig ileum but fails to cause contraction 
of guinea pig ileum winch has been treated previously with histamine then 
it is lik ely that the unidentified substance is histamine (7, 4) 0 05 y of 

histamine was added to a bath containing a short length of atropimsed 
g uine a pig ileum suspended in Tyrode solution and the magnitude of the 
resulting contraction was recorded The bath was now washed out with 
Tyrode solution and 1/60 c c of laked rabbits’ red cells (containing 



Fig 3 (x i) Experiment showing that laked rabbits’ red cells desensitise the guinea pig 
ileum to the action of histamine 


approximately 0 3 y of H Y S ) was added A strong contraction of the 
guinea pig ileum occurred This time the contents of the bath were not 
removed but after about 1 hour the guinea pig ileum relaxed to its original 
length 01 y of histamine was now added to the bath and little or no 
contraction of the guinea pig ileum occurred (Fig 3) This indicates that 
laked rabbits’ blood desensitises the guinea pig ileum to the action of 
histamine The bath was next washed out and refilled with Tyrode solution 
and a further dose of 0 076 y of histamine was added It was found that 
washing with Tyrode solution had restored the original sensitivity of the 
ileum to histamine for contraction resulted 

Similar experiments were made but with the difference that the reaction 
of the guinea pig ileum to 1/100 c c laked rabbits’ blood was tested before 
and after desensitisation of the guinea pig ileum by 0 26 y of histamine 
This shows that the desensitising of the guinea pig ileum to histamine also 
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desensitises it to the histamine-like action of laked rabbits’ blood The 
reaction of the ileum to 1/100 c c of laked rabbits’ blood -was tested again 
after sensitmtj of the guinea pig ileum to lnstamme had been restored by 
•washing the ileum with Tyrode solution (Fig 4) The sensitivity of the 
guinea pig ileum to laked rabbits’ blood is restored when its sensitivity to 
histamine is restored It was found also that on incubation with histaminase, 
1/60 c c of rabbits’ blood lost its capacity to desensitise the guinea pig ileum 
to the action of histamine 

It is clear, therefore, that his substance in rabbits’ blood resembles 
histamine m that it has the capacity to desensitise the guinea pig ileum to 



Fig 4 (X }) Experiment showing that histamine desensitises the guinea pig ileum to the 
action of laked rabbits’ red cells 

histamine , and the capacity of rabbits’ blood to desensitise the ileum is 
destroyed also by the preparation of histaminase 

In the following experiment a comparison is made of the effects of 
HYS and histamine upon the blood pressure of the dog The experiment 
is designed so that the presence m laked rabbits’ blood of depressor substances 
other than HYS do not invalidate the conclusions drawn It has been 
mentioned already that the intravenous injection of laked rabbits’ blood 
causes a fall in the blood pressure of the anaesthetised cat or dog If this 
rabbits’ blood is treated first with histaminase the fall of blood pressure 
produced by intravenous injection of the blood is less This depressor 
effect of the blood which has been decreased by the action of hista min ase 
may be restored to its original level by the addition of histamine to the 
treated blood The amount of histamine per c c of treated rabbits’ blood 



344 


BARSOV M AND SMIRK. 


which is required for this purpose was determined by trial and error The 
amount of HYS in the original rabbits’ blood and m the rabbits’ blood 
after treatment with histaminase was determined by Barsoum and Gaddum’s 
method It was found that the amount of H Y S destroyed by histaminase 
(expressed as its histamine equivalent) was approximately equal to the 
amount of hist amin e which restored to the treated blood that part of its 
blood pressure lowering effect which was destroyed by histaminase Thus 
HYS and histamine have approximately equal depressor actions on the 
blood pressure of the anaesthetised cat or dog For example, in one of the 
five experiments performed the histaminase destroyed 14 4 y per c c of the 
HYS present m a sample of rabbits’ blood as measured by Barsoum and 
Gaddum’s method 15 0 y per c c of histamine was now added to 1 c c 
of this rabbits’ blood which had been treated with histaminase The 1 c c 
of blood was then injected intravenously into an anaesthetised dog The 


Fig 



6 (y t) A comparison of the effects of H Y S and histamine on the blood pressure 
the anaiBthetised dog 

A 1 c o of Inked rabbits’ blood treated with histaminase + 20 y of histamine 
B 1 e c of untreated laked rabbits’ blood 

C 1 o c of laked rabbits’ blood treated with histaminase + 16 y of 
D 1 c c of laked rabbits’ blood treated with lustammase + 10 y of histamine 


of 


fall in blood pressure produced thereby was equal to the fall »n bIood pres ^ 
on injection of 1 cc of the original laked rabbits’ blood ^treated mth 
lustammase The difference between the two blood samples is that >144 y of 
HYS present in the original sample has been in the second sample y 
and then replaced by 15 0 y of histamine The effects of ^venous 
injections of the two samples upon the blood pressure of toe ^thetised 
dog are equal This shows that the effects of histamine and H Y b upon 
the blood pressure of the dog are equal within the error o 
One of the above experiments is illustrated m Fig B A compa^son was 
made also between the actions on the guinea pg ileum of laked rabb fe 
blood and laked rabbits’ blood m which much of the B - Y S had ^been 
destroyed by histaminase and then replaced by an equal amount of 
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It was found that amounts of lnstamine and H Y S whioh are estimated 
to be equal by the method of Barsoum and Gaddum produce approximately 
equal contractions of the guinea pig ileum Thus the H Y S destroyed by 
lustaminase was found to be 14 y per o c of rabbits’ blood and the amount of 
histamine required to replace this (as determined by the effect of the blood + 
histamine on the guinea pig ileum) was 14 4 y per o c 

2 Evidence that patients with congestive heart failure react normally to 
intravenous injections of histamine 

Chemical proof of the identity of H Y S and histanune is lacking but 
the biological evidence presented m Section 1 shows that HYS is either 
active lnstamine or is an active substance with many of the pharmacological 
properties of histamine 


table m 


The effect of intravenous injections of histamine in normal subjects and patients with congestive 
heart failure 


Histamine 

Effect on normal subjects 

Effect m conge stivo heart failure 
subjects 

6 7 y m 

2 seconds 

2 subjects ga\e a slight facial 
flush and alight acceleration of 
the heart but no headache 

1 subject was unaffected 

3 subjects gave a slight faoial 
flush and slight acceleration of 
the heart but no headache 

1 subject was unaffected 

33 y m 

2 seconds 

Definite flushing and acceleration 
of the heart and transient head 
ache in all of 3 subjeots 

Definite flushing and acceleration 
of the heart and transient head 
aohe in all of 4 subjeots 

13 y m 

1 minute 

Ho reaction observed in 2 subjects 

Ho reaotion observed in 3 subjeots 
Slight facial flushing but no 
headaohe in 1 subject 

20 y m 

1 minute 

Slushing of the face but no head 
ache in 3 subjects and no effect 
observed in 1 subject 

Flushing of the face in 3 subjects, 
one of these being a transient 
effect Ho reaction in 1 subject 
Ho headaohe 

33 y in 

5 minutes 

Ho reaction m 2 subjects 

Ho reaotion in 2 subjeots 

33 y m 

2 minutes 

Flushing but no headache m 2 
subjects 

Flushing but no headache m 2 
subjects 

87 y in 

2J minutes 

Marked flushing but no headache 
in 1 subject 

Flushing but no headache in 1 
subject 

187 y in 

4J minutes 

Flushing but no headache m 1 
subject 

Flushing but no headache in 1 
subject 

333 y m 

G£ minutes 

Flushing but no headache in 1 
subject 

Flushing but no headache m 1 
subject 


The presence without symptoms of a high concentration of histamine- 
hke substance in the whole blood of heart failure cases requires an 
explanation This absence of the symptoms of histamine poisoning might 
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be explained by relative insensitivity of tbe heart failure eases to histamine, 
and this possibility has been tested by comparing the reactions of heart 
failure and normal subjects to intravenous injections of histamine 

With the subjects lying m the recumbent posture, intravenous injections 
of 6 7 to 333 y of histamine were made The rates of injection were vaned 
The effects of these injections upon the facial colour was recorded together 
■with the times of onset and cessation of headache, whenever this symptom 
occurred 

The preceding table shows that there is no great difference between the 
sensitivity to intravenous injections of histamine m normal subjects and 
subjects with congestive heart failure It is seen that the rate of disappear- 
ance of the flush on cessation of the injection is approximately the same 
m the heart failure as m the normal subjects Hence it seems that the rate 
of disappearance of histamine from the blood is approximately normal m 
heart failure cases 

It was observed both in heart failure and normal subjects that 
injections of histamine at a rate of 20 y per minute produced a flush m about 
40 seconds and the flush persisted without increasing until about 5 seconds 
after stopping the injection, when the flush disappeared 

We may conclude that patients with congestive heart failure react 
normally to intravenous injections of histamine Lack of sensitivity to hista- 
mine in heart failure cases cannot be advanced, therefore, as an explanation 
for the absence of a physiological reaction to the abnormally high whole 
blood histamine found in such cases 


3 The significance of the distribution of E Y S between the plasma' and 
red ceUs 

It is clear that the H Y S m blood is a substance- with-histamine-hke 
properties and that the subjects with congestive heart failure are not 
insensitive to the pharmacological action of lnstamme Our observations, 
therefore, have failed to explain why m congestive heart failure there are 
no symptoms of histamine poisoning although the concentration of H Y S 
in the whole blood is much raised. The next.step is to study the distribution 
of H Y S between the plasma and red cells 


3a The concentration of H Y S m the plasma and red T cells of heart failure 
and normal subjects 

The technique used for the removal of blood samples and for separation 
of red cells and plasma is of the greatest importance At first a blood sample 
of 16 c c was taken either from an antecubital vein using little or no venous 
congestion of the arm or from the brachial artery Either heparin or 
ohlorazol fast pink was used to prevent clotting The blood samples so 
treated, were centrifuged promptly and the concentrations of HYb in the 
plasma and m the red cell mass obtained by the centnfupng were determined 
separately Samples of this red cell mass were found to contain 10 / 0 to 
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20% of plasma Tlie percentage of plasma contaminating the red cell mass 
was determined for each blood sample by the hamiatocrit (9) The H Y S 
in the plasma and red cell mass Mas determined by Barsoum and Gaddum’s 
method The concentration of H Y S m red cells uncontammated by plasma 
was obtained by a simple calculation The results are seen in the following 
table 


TABLE IV 


The distribution of H Y£ between plasma and red cells iihcn an anticoagulant ts used 


Tipe of blood 

Concent ml ion of H Y S 

m y por c c 

Plasma 

Bod cells 

Normal (venous) 

t 

1 

0 03 

0 10 

Heart failure (venous) 

i 

i 

0-02 

0 25 

Heart failure (\ enous) (\orj slight 
spectroscope) 

luomolysiB bj 

0 00 1 

1-00 

Heart failure (-venous) (verj slight 
spectroscope) 

htcmoljsis bj 

0 05 

0 80 

Heart failure (venous) 


0 025 

1 20 

Heart failure (\ enous) 


0 02 

100 

(arterial) 


0 025 

000 

Heart failure (venous) 


0 03 

0 25 

(arterial) 


0 03 . 

0 25 


Clearly the concentration of H Y S is greater in red cells than m plasma 
It was observed, however, that very slight haemolysis was associated with 
high concentrations of HYS in the plasma Then it v as found that delay 
m centrifuging a blood sample increased the HYS of its plasma These 
two observations suggest that m shed blood the HYS may leak out from 
the red cells and cause “ m vitro ” an increase in the concentration of H Y S 
m plasma even when no haemolysis can be seen 

The use of anti-coagulants was thought, but was not proved, to be 
responsible for the leakage of H Y S from the red cells and therefore the 
following technique was adopted for all subsequent experiments About 
15 c c of blood is taken from an arm vein by a large bore needle lubricated 
with liquid paraffin and received directly into a centrifuge tube coated 
internally with paraffin wax The blood is centrifuged at once and at full 
Bpeed (6,000 r p m ) for a period of 3 minutes Two-thirds of the plasma 
is then removed from the centrifuge tube for estimation of the HYS The 
red cells and the remaining plasma in the centrifuge tube are mixed carefully 
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and the concentration of the HYS m the mixture is determined A small 
portion of this mixture of red cells and plasma ib treated with heparan to 
prevent clotting and the percentage of plasma m the mixture is determined 
by the hasmatocnt in order to calculate the concentration of H T S in the 
red cells uncontaminated with plasma The results obtained are shown in 
Table V 

TABLE V 


The distribution of H YJ5 between plasma and red cells using the improved technique 


Concentrations of 

HYS is y per o c 

Normal subjects 

Congestive heart failure subjects 

Plasma 

Bed cells 

Plasma 

Bed cells 

0 006 

013 

» 

0 006 

i 


0-004 

Oil 

0-006 ! 

0 25 

0 007 


0003 ' 

017 

0 007 

015 

0 005 

0 70 

0 007 

013 

0 008 

0 40 ' 

0-004 

017 

0 007 

1-00 

0 008 

014 

0-010 

0 06 

0 030 i 

0 25 ? 

0 005 

0 30 

0-006 

014 

0 008 

012 

0-008 

018 

0-006 

0 08 

0 008 

013 

0-005 

0 80 

0 006 

013 

0-005 

015 



0 007 

0 42 



0-006 

0 72 


It is evident that the values of the HYS in plasma obtained by the 
paraffined tube technique are much lower than those obtained when anti- 
coagulants are used The HYS concentration m the plasma of normal 
subjects is approximately the same as in subjects with congestive heart 
failure The red cells usually contain much more HYS in congestive 
heart failure cases than m healthy controls The impression was gained that 
the concentrations of H Y S in the red cells which were within the normal 
limits ocourred in the milder cases Support for this view is found in a paper 
by Cerque (6) who found that the concentration of H Y S in whole blood 
was high in congestive heart failure and returned to normal on successful 
treatment 
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3b Evidence that the H 7 S m the ‘plasma of shed blood is also present in vivo 
and that the increased permeability of the capillaries in congestive 
heart failure is not due to the action of histamine 

It may be suggested that all the H Y S found in vitro in samples of 
plasma is due to leakage from the red blood cells after ta king the blood 
samples Estimation of the concentrations of H Y S m body fluids which 
are in diffusion equilibrium with the blood provides strong evidence that the 
H Y S is present in the plasma in vivo though in a low concentration 
In Table VI it is seen that oedema fluid and pleural fluid contain a 
concentration of HYS winch is of the same order as the EYS of the 


TABLE VI 

The concentration of B YJS in plasma and plasma transudates 


Type of Case 

Concentration of H Y S in y per o c 

Bed cells 

Plasma 

Oedema fluid 

Pleural fluid 

Heart failure 

1 

0 42 

^ 0-007 

0-008 

0 006 

Heart failure 

0 72 

0 006 

0 010 

0 008 

Heart failure 

0 96 

0-010 

0 010 

— 

Heart failure 

0 30 

0 006 

0 009 

— 

Heart failure 

0 26 

0 007 

0 011 

0 008 

Nephritis 

0 056 

0 009 

0 011 

— 

Nephritis 

0 036 



0 006 

Nephritis 

0-090 


0-009 

— 

Nephritis 

0 140 


0-013 


Nephritis 

0-040 


0 010 

— 

Pulmonary 

tuberculosis 

0 080 

0-006 



0 008 

Pleural effusion 

0 12 

1 


— 

0 010 


plasma As there is strong evidence that these two fluids are formed from 
plasma by ultrafiltration, the presence m them of H Y S at about the same 
concentration as in plasma suggests that the HYS in the plasma is present 
in vivo as well as m vitro 

In congestive heart failure the concentrations of H Y S in both plasma 
and oedema fluid are within normal Emits Therefore both sides of the 
capillary blood vessels are in contact with fluids having a normal concentra- 
tion of HYS It is unlikely therefore that the increased permeability of 
the capillary blood vessels m congestive heart failure is due to the abnormally 
high concentration of H Y S present m the whole blood of these cases 
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3o Evidence that H Y S and histamine when confined within the red cdls 
do not show biological activity 

Two or three c c of human blood, whether laked or unlaked, injected 
intravenously mto an anaesthetised cat or dog (ether or medinal) have but 
little effect on the blood pressure This result is to be expected, for the 
amount of H Y S present in 3 c c of human blood, if all is m the form of 
active histamine, would be insufficient to produce an appreciable fall m the 
blood pressure when so injected 

It has been shown, however, that the concentration of H Y S m rabbits 5 
blood is high For this reason rabbits’ red cells washed free from plasma 
and suspended in saline were used for the following experiment A sample 
of rabbits’ red cells was divided into two equal parts One part was untreated 
and one was laked It was observed many times that the intravenous 
injection of £ c c of unlaked rabbits’ red cells had no effect on the blood 
pressure of the cat Injection of an equal quantity of laked rabbits’ red 
cells caused a marked fall m blood pressure 

It has been shown already (2) that the concentration of histamine m 
dogs’ red blood corpuscles can be raised to a high level by the addition of 
histamine to the blood The histamine-noh plasma was removed and the 
red cells washed several times with histamine-poor plasma The red cells 
retained a high percentage of the histamine but on injection they had no 
effect on the blood pressure of an anaesthetised cat An injection of a 
second sample of these kistamine-nch red cells which was laked previous to 
the injection caused a marked fall in the blood pressure 

These observations indicate that histamine and H Y S from the red 
cells have no action on the blood pressure so long as they are confined within 
the red cells When freed by laking the red cells they cause a fall m the blood 
pressure of the anaesthetised cat Thus there is no difficulty in explaining 
the presence of high concentrations of H Y S in the whole blood of patients 
who are showing no physiological indication of such an excess 

Conclusions 

A The nature of the histamine yielding substances in blood 

It was shown by Barsoum and Gaddum that when blood is extracted 
by the method described in their paper, a substance appears in the extract 
which has many properties in common with histamine The evidence that 
this substance in the extracts is actually histamine appears to be strong and 
is further supported by our observation that the lnstamine-like activity 
of the extracts is destroyed by a preparation containing histammase This 
paper concerns the nature of the mother substance m blood which on 
extraction by Barsoum and Gaddum ’s method yields a histamine-like body 
The following observations show that HYS has biological properties which 
bear a staking resemblance to those of histamine and that HYS may be 
identical with histamine 
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1 The histamine yielding substance (HYS) m normal blood and 
blood from heart failure cases, as estimated by Barsoum’s and Gaddum’s 
method, is destroyed by a preparation containing histanunase 

2 The HYS is present in human liver and injections of watery 
extracts of liver produce a fall of blood pressure m anaesthetised dogs The 
substance which produces this fall of blood pressure is mostly destroyed by 
a preparation containing histanunase 

3 Rabbits’ red cells contain a high concentration of H Y S and laked 
rabbits’ blood, when injected intravenously, causes a fall of blood pressure 
of the anaesthetised dog, and when apphed directly to the isolated guinea 
pig ileum causes it to contract These histamine-like properties are destroyed 
by a preparation containing histammase and destruction is associated with 
a decrease in the concentration of H Y S , as estimated by Barsoum and 
Gaddum’s method 

4 It is characteristic of histamine that the exposure of the isolated 
guinea pigs’ ileum to high concentrations of histamine desensitises the ileum 
to a subsequent dose of histamine but does not desensitise it to other stimu- 
lants It is found that the guinea pig ileum when desensitised to histamine 
is also desensitised to laked rabbits’ blood, which blood fails to cauBe 
contraction of the desensitised ileum Likewise the guinea pig ileum can be 
desensitised to histamine by the previous application of laked rabbits’ blood 
The laked rabbits’ blood after treatment with a preparation containing 
histanunase loses its capacity to desensitise the guinea pigs’ ileum to histamine 
and to laked rabbits’ blood untreated with the preparation of histammase 

5 Equal doses of histamine and of H Y S (as estimated by Barsoum 
and Gaddum’s method) cause equal contractions of the isolated guinea pig 
ileum and equal falls of blood pressure in anaesthetised dogs 

B The histamine yielding substance in the blood of congestive heart failure 
cases 

1 It was found that in congestive heart failure cases there is an 
increase m the concentration of H Y S in whole blood which is due exclusively 
to the increased concentration of H Y S in the red cells HYS when 
confined within the red cells fails, however, to produce its usual depressor 
action upon the blood pressure Thus the absence of any measurable 
increase in H Y S in the plasma of heart failure cases seems to explam fully 
the absence of physiological or symptomatic indications of the excess of 
histamine in the whole blood of these cases 

2 The concentrations of H Y S in plasma and in plasma transudates 
such as oedema fluids and pleural fluids are approximately equal This 
suggests that the H Y S found m the plasma in vitro is present also in vivo 
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OBSERVATIONS ON THE INCREASE IN THE CONCENTRATION 
OE A HISTAMINE-LIKE SUBSTANCE IN HUMAN VENOUS BLOOD 
DURING A PERIOD OF REACTIVE HYPER2EMIA 

By G S BARSOUM and F H SMIRK 
(From the Department of Pharmacology, Egyptian University, Cairo ) 


Lewis and Gbant (4) presented strong evidence that reactive hyperremia 
is due mainly to chemical substanoes which accumulate m the limb when the 
circulation of blood through the limb is obstructed The degree of hypersemia 
on release of the circulation was proportional to the duration of the circulatory 
arrest Barsoum and Gaddum (2) using their method for the determination 
of the histamine equivalent of blood (1) found, m dogs, an increase above 
the normal m the histamine equivalent of whole blood taken from the veins 
of a limb which is in a state of reactive hypersemia 

In Barsoum and Gaddum’s method for estimating the histamine 
equivalent of blood an extract of the blood was prepared by chemical means 
Strong evidence was advanced that the histamine-like substance found in 
the blood extracts is histamine Barsoum and Smirk (3) have called the 
mother substance in untreated blood which on extraction yields a histamme- 
like body, histamine yielding substance (H Y S ) A study of the properties 
of HYS (3) led to the conclusion that “HYS has biological properties 
which bear a striking resemblance to those of histamine HYS may be 
identical with histamine ” 

The distribution of H Y S between the plasma and red cells differs m 
man and dog In the dog the concentration of H Y S is about the same 
in the plasma and red cells In normal men the concentration of H Y S 
in the corpuscles lies between 0 05 and 0 20 y* per c c and in the plasma 
between 0 002 and 0 010 y per c c 

Evidence advanced m the previous paper (3) indicates that the 
concentration of H Y S may be much increased in the red cells at a time 
when the concentration m the plasma is within normal limits It has 
been shown that HYS when confined withm the red cells does not cause 
dilatation of the minute blood vessels Therefore a rise of the concentration 
of H Y S in whole blood will explain reactive hyperemia only if the HYS 
of the plasma is increased 


* y — 0 001 mg 
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For these reasons a study in man was made of the concentration of 
HYS m the plasma and red cells of venous blood removed horn an arm 
during a period of reactive hypersemia 

Results 

The subjects of the experiments were normal men or male hospital 
patients suffering from surgical disabilities such as hydrocele or hernia 
Blood was collected from the antecubita! veins The plasma and red cells 
were separated in the manner described in a previous paper (3) and the 
concentrations of HYS were estimated by the method of Barsoum and 
Gaddum (1) Venous blood was removed from one of the arms to serve as 
a control and a sphygmomanometer cuff was then placed round the other 
arm The sphygmomanometer cuff was inflated to above the systolic 
pressure , thus preventing a flow of blood through the arm This period of 
vascular occlusion lasted 10 to 30 minutes At the end of the penod of 
occlusion a needle was inserted into an antecubital vein of the arm with the 
circulation obstructed The circulation was released and 15 to 20 c c of 
blood was removed during the early stage of the reactive hypertemia which 
followed the release of the pressure in the cuff The following results were 
obtained — 


TABLE I 


The concentration of HYS in venous blood from normal arms and arms tn a state of reactive 
hyperaemta 


Normal Concentration of 

Duration of 

React no hypertemia 

HYS m ■ 

y per c c 

Circulatory arrest 

Concentrated HYS my per c o 

Plasma 

Corpuscles 


Plasma 

Corpuscles 

0 005 

0 160 

10 mins 

0 020 

1 

0150 

0 012 

0120 

10 

» 

0 026 

0120 

0-000 

0 130 

10 

ft 

0 011 

0135 

0 005 

0 110 

10 

M 

0 009 

0120 

0 003 

0 200 

15 


0 008 

0 250 

0 005 

0 139* 

16 

» 

0 010 

0180* 

0 006 

0 180* 

16 

>» 

0 050 

0 260* 

0 008 

0 125* 

15 

»» 

0 040 

0160* 

0 005 

0 140 

l 

30 

»» 

0 020 

0 200 

0 009 

0 160 

30 


0 060 

0 260 


* Values uncorrected by luematocnt for admixture with plasma 













SlSTAMlttE AtfjD REACTIVE ZYPEUMMiA 855 


It has been shown already (3) that the biological properties of H Y S 
and histamine are similar Equal amounts of H Y S and hist amine cause 
approximately equal falls in the blood pressure of the anaesthetised dog (3) 
It is clear, therefore, that the observed increase in the concentration of 
HYS in the plasma must favour the dilatation of the small blood vessels 
in the arm and must account in part for the phenomenon of reactive 
hypersemia 


Summary 

During reactive hyperasmia of the human arm, following a period of 
complete obstruction to the circulation, there appears m the venous blood 
an increase in the concentration of a substance which has the biological 
properties of histamine It is thought that the hberation of this histamme- 
like substance during circulatory arrest accounts at least in part for the 
hyperaemia 
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THE EFFECT OF CUTANEOUS BURNS ON THE BLOOD- 

HISTAMINE 


By G S BARSOUM and J H GADDUM 

{From the Pharmacological Department , Egyptian University, Cairo ) 


The effects of extensive cutaneous bums have frequently been described 
and discussed The patient commonly recovers from the initial shock and 
appears to be in good condition for many hours Secondary shock is 
responsible for most of the deaths Most authorities agree that the secondary 
shock is due to toxaemia, and a large number of theories have been put 
forward as to the nature of the toxin (2, 7, 9, 17 and 25) 

When Dale and Laidlaw (6) studied histamine shock m cats, they drew 
attention to the similantes between this condition and the shock following 
mechanical trauma They suggested that the absorption of histamine, 
or some sinular substance, might be the cause of traumatic shock Recent 
work on shock due to mechanical trauma has led to the conclusion that this 
is not due to the absorption of toxic substances (for references see 
O’Shaughn essy and Slome (16)) The shock due to burns is, however, a 
different condition (Simonart (21), and the conclusion that it is due to 
toxaemia is not affected by the work on mechanical trauma 

Evidence of the release of a toxin as a result of bums was obtained by 
Vogt (24), who found that if a burned area of skm was transferred from one 
guinea-pig to another, the first survived and the second died If the 
circulation and the peritoneum of one guinea-pig was united in a preliminary 
operation to the circulation and the peritoneum of a second guinea-pig, 
burning the skm of one a nim al killed both Experiments m which rats 
or mice were similarly united gave similar results Vaccarezza (23) reached 
simdar conclusions as a result of experiments on chloralosed dogs If the 
skm of one leg was burned with a blow-pipe the dog died m 6-10 hours 
If the femoral artery w as tied, or if the skin was excised, the dog survived 
If the femoral artery and vem were united to the oarotid artery and jugular 
vem of a second dog, this second dog died, and the first survived Fender (9) 
working with Guptill failed to confirm some of these results of Vaccarezza 
Direct evidence that cutaneous bums are associated with an increased 
absorption of hista min e into the circulation was obtamed by Hams (10), 
who showed that cutaneous bums led to the disappearance of extractable 
histamine-activity from the skins of anaesthetised cats The bum caused 
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the extravasation of fluid., and the histamine appeared to be -absorbed with 
this fluid In these experiments a large proportion of the histamine activity 
was absorbed from the skm in the course of 60 minutes Since secondary 
shock usually develops many hours after the bum it is unlikely that it is 
due to the phenomenon observed by Hams This possibility cannot, 
howevei, be definitely excluded, smce it is possible that the rate of absorption 
m an anaesthetized cat is quite different from that in man 

Nevertheless the similarity between burn shock and hista mine shock is 
sufficient to suggest that the two conditions may have something m oommon 
In both conditions the blood-pressure is low, and the pulse is weak and rapid 
The concentration of haemoglobin, or cells, in the blood is high (1, 6, 14, 21, 
22) , the blood-chloride is low (20, 21, 22), and the blood-non-protem- 
mtrogen is high (8, 12, 10) , there is a secretion of adrenaline (4, 6, 11), 
and gastric juice (13, 18) Both conditions appear to be reheved by the 
injection of extracts of the suprarenal cortex (16, 26) 

In view of these facts it was decided to estimate the blood-histamine 
of burned patients About 10 e c of blood was collected for each estimation 
from the cubital vein at about 0am The blood was immediately mixed 
with 16 c c of trichloroacetic acid (10 pc) and the estimation was then 
earned out by the method already described (Barsoum and Gaddum (3)) 
The patients were all under the care of Professor Arnold Henry in KaBr el 
Aim Hospital, Cairo We are grateful to him for permission to use this 
material, and for helpful discussion The burns were all treated with 
tannic acid 


Normal blood-histamine 

The blood histamine of five control subjects was estimated The 
values obtained were 0 027, 0 03, 0 03, 0 04 and 0 06 microgram per c c 
The mean of these figures is 0 036 microgram per c c Three of these 
subjects were apparently normal and the others were patients m the hospital 
with minor complaints As the figures given above were obtained from only 
five subjects, their average does not represent a reliable estimate of the 
normal blood-histamine This fact does not invalidate the conclusions 
reached below, smce these conclusions are based on a comparison of values 
obtamed at different times with blood from the same patient 

Blood-histamine m burned patients 

Case 1 M A , a woman of 70, was admitted to hospital with second 
and third degree burns over the face and the front of the chest, and on both 
hands She was treated with tannic acid Pulse rate on admission 110 per 
min ute This fell to 80 after 48 hours and never again rose above 100 
She developed broncho-pneumonia, and died on the tenth day after the bum 
No post-mortem The results of the estimates of blood histamine m this 
and other illustrative cases are shown in Fig 1 
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Case 2 S , a woman of 22 with second and third dogreo burnB on the 
front of the legs y as treated with tannic acid Hoi recovery was uneventful 
and she was discharged from hospital 12 days after the burn 



0 10 20 30 DAYS 


Estimates of the blood lusts mine -equivalent at different penods after burning N — represents 
the average value for five normal persons The blaokened areas m the figures to the right 
show the extent of second and third degree bums 

Case 3 W A , a woman of 25 with second and third degree burns 
over the whole front of the trunk from the neck to the symphysis pubis, 
and on the front of one arm and both hands was treated with tannic acid 
On admission her pulse rate was 120 per minute It fell gradually to 82 
on the fourth day, and then was about constant between 80 and 90 Her 
temperature was about normal until the 12th day, when the bum became 
infected and her temperature rose to 38 4°C A week later the infection 
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subsided and her temperature became normal Her general condition 
improved slowly, and eventually she recovered 

Case 4 N , a woman of 26 with second and third degree bums over 
the whole front of the trunk and legs from the neck to the knees, and on both 
hands was treated with tannic acid About 3 weeks after the bum the skm 
became infe cted The infection progressed and she died a week later No 
post-mortem 

Case 6 A boy of 9 who was burned practically all over and died in 
the first 24 hours His blood histamine was 0 082 mg per c c and thus 
above the normal range No post-mortem 

Case 6 HM, a woman whose age was given as 160 was admitted 
with burns more extensive than those of Case 4 A sample of blood taken 
an hour after admission contained a normal quantity of histamine (0 04 
microgram per c c ) She died 16 hours after the bum No post-mortem 
This patient did not survive until the time at which the blood-histamine 
rose in other patients 

Other cases Samples were taken from three other burned patients, 
and the results were in essential agreement with those given above The 
blood-lnstamine rose after admission to hospital, and was high about one 
week after the burn 


Discussion 

These results show that extensive cutaneous burns are followed by a 
rise in the histamine-equivalent of blood extracts, as estimated by the method 
used After large burns the histamine-equivalent rose to at least four times 
its normal level, and was maintained at high values for many days Smaller 
burns caused smaller effects, and there appeared to be a direct relation between 
the area of the burn and the magmtude and duration of the nse in histamine- 

equivalent 

Certain of the extracts were subjected to additional tests of the nature 
of their active principle All these tests pointed to the conclusion that it 
was histamine When extracts showing a high histamine-equivalent were 
assayed both on the guinea-pigs ileum and the hens rectal cjecum, the two 
assays agreed quantitively with one another When these tests were other 
wise complete, a large excess of histamine was added to the bath containing 
the rectal cmcurn This had the effect of rendering the muscle ^sensitive 
to further small doses of histamine and insensitive to the extracts, but it was 
still normally sensitive to other stimulating substances such as acetylchokn 
or barium These observations provide strong evidence that the acti 
substance was histamine itself 
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The relation of this nse m blood lnstamme to secondary shock is uncertain 
There u as no clear evidence of any correlation between the blood his tamine 
and the clinical condition of the patient Neither the pulse-rate, nor the 
temperature, was significantly altered during the rise m blood-histamme 
No systematic observations of the blood-pressure were made The time at 
which the rise m blood lnstamme occurred was rather later than that usually 
given for the onset of secondary shock, but corresponded with the time at 
which secondary shock occurred among these Egyptian patients 

It is reasonable to suppose that the reason why the observed increase of 
blood-lnstamme did not produce shock in the cases studied, is that it was 
not large enough, and that if the burns had been more severe the blood 
histamine would have mcreased sufficiently to cause secondary shock 
Before accepting this theory, however, it is clearly desirable to know the 
value of the blood-histamine during histamine-shock in man 

The mechanism of the rise in. blood-histamme is obscure It is doubtful 
whether the damaged skin could produce enough histamine to maintain a 
high concentration of this substance in the blood over a period of many days 
It is possible that the rise in blood histamine is secondary to pathological 
changes m organs such as the hver and the kidneys These changes might 
act either by constantly liberating histamine, or by damaging the mechanism 
by which histamine is normally removed from the blood 

Summary 

Extensive cutaneous bums oause m man a large rise of blood-histamme 
at about the time when secondary shook is hable to develop 
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The arm to tongue circulation time was estimated by the “ Dechohn ” 
method (6) m three patients during and after the phase of hypertension 
A large bore needle attached to a synnge containing 9 c c of 20% sodium 
dehydrocholate (“ Dechohn ”) was mtroduced tlirough antesthetised skin 
into the median basilic vein , after an interval of 2 minu tes 3 o c of the 
solution were injected as quickly as possible, the beginning and end of in- 
jection and the subsequent bitter taste being timed by stop watch , two 
similar injections were made at intervals of 2 minutes before removing the 
needle On one patient the circulation time was similarly estimated by 
intravenous injection of 0 1 c c of 1 1000 histamine acid phosphate, the 
taste being agam used as index of the substance’s arrival m the vessels of 
the tongue These estimations were made while the patients were in bed 
and two or more hours after they had eaten 


TABLE I 

Shows Ike arm to tongue circulation tune estimated by the dechohn method tn 3 cases of acute nephritis 
during and after the phase of hypertension 



During phase of hypertension 

After phase of hypertension 

Case 

Date 

Blood pressure 
mm Hg 

S D 

Circulation 

time 

sec 

Date 

Blood pressure 
mm Hg 

S D 

Circulation 

time 

sec 

1 

17/3/36 

160 

94 

21 

27/3/36 

104 

68 

23 3 


18/3/36 

143 

90 

22* 

2/4/36 

130 

70 

22* 

4 

11/6/36 

140 

86 

97 

23/6/36 

114 

72 

12 5 

5 

29/4/36 

164 

94 

12 0 

10/7/36 

126 

85 

10 4 


* Estimated b\ the histamine method 


The results are shown in Table I from which it may be seen that for a 
given subject the circulation times were essentially similar during and after 
the phase of hypertension It is unli kely therefore that the raised pressure 
in acute nephritis is due to increased cardiac output , it is presumably due 
to increase m the resistance ofiered by the peripheral vessels to the flow of 
blood It is shown m Table II that the blood viscosity is usually lowered 
during the phase of hypertension, and we may therefore, by exclusion, 
attribute the rise m arterial pressure to peripheral vasoconstriction 

The nature of the agent 'producing vasoconstriction in acute nephritis 

In a recent paper (12) a method was described of testing if in hyper- 
tension the abnormal vasoconstriction arises through the action of the 
vasomotor nerves If it does arise in this way then complete inhibition of 
vasomotor nervous impulses supplying a given territory should result in a 
greater bloodflow through this territory in the subjeot with hypertension 
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than in the subject without , for the abnormal factor narrowing the vessels 
would thus be removed and, the vessels bemg in the same state in the two 
instances, bloodflow should be approximately proportional to blood pressure 
The methods at present available enable us to cany out such an experiment 
only on the skin of the hand In the previous paper (12) it was shown that, 
for comparative purposes, a reliable index of the bloodflow through the skin 
of the hand may be obtained by measuring its heat e limin ation by Stewart’s 
method, and that vasomotor nervous tone is completely removed from 
structure by abruptly raising body temperature The “ maximum rate of 
heat ehmmation ” from the hand obtained in response to raised body 
temperature thus represents, for comparative purposes, the bloodflow 
through the skm of the hand from whose vessels vasomotor tone has been 
removed This rate has been measured m the 6 cases of aoute nephritis 
by the technique fully described previously (12) and which is briefly as 
follows 

One hand of the subject is immersed m a Stewart’s calorimeter containing 
3 litres of water at 30 5°0 The calorimeter is starred at a constant rate 
and its temperature read at minute intervals from a mercury thermometer 
graduated in 1/100°C The other arm is immersed m stirred water at 
46 °C , a procedure which, after a latent period of a few minutes, increases 
the rate of nse of calorimeter temperature to a maximum value at about 
which it remains till the experiment is terminated at a calorimeter 
temperature of 32 ° After removing the hand the rate of cooling of 
the calorimeter is determined The maximum rate of heat ehmmation 
(H) m calories per mm is then calculated as follows 

H = (V + E) X (R + C) 

where V is the water content and E the water equivalent of the calorimeter 
(m c c ), R is the maximum rate of rise of calorimeter temperature while the 
hand is immersed and C the rate of cooling of the calorimeter after removing 
the hand (m °C per mm ) The blood pressure and mouth temperature are 
measured at the beginning and end of the experiment, and the hand volume is 
measured by water displacement at the end of the experiment After these 
measurements have been made, 20 c c of blood are withdrawn with minimum 
congestion from a forearm vem mto 0 2 c c saturated potassium oxalate 
to prevent coagulation, and the blood viscosity determined by the rapid 
velocity method of Whittaker and Winton (16) m the way described previously 
( 12 ) 

These measurements were made repeatedly on the 6 cases and the results 
are summarised m Table II In this Table the values for systolic and 
diastolic blood pressure were those recorded at the end of the determination 
of heat ehmmation , the values at the beginning of the observation were 
usually a few, but less than 10 mm Hg higher The values for maximum 
heat ehmmation represent the maximum rate of heat el imin ation over the 
range of calorimeter temperature 31 0 to 32° , they are thus strictly comparable 
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OBSERVATIONS ON THE MECHANISM OE ARTERIAL 
HYPERTENSION IN ACUTE NEPHRITIS 


By G W PICKERING * 

(From the Department of Clinical Research, University College Hospital 

Medical School) 


The transient forms of human hypertension have in the past attracted less 
attention than have the persistent varieties, no doubt because they are less 
common, and because the number and complexity of the observations that 
can be made is limited by time Nevertheless they offer considerable 
technical advantages for study, for a comparison may be made between data 
obtained in a single individual with and without hypertension, the factor 
of individual variation being thereby excluded 

The present paper records observations made on six patients with acute 
nephritis , m five the disease followed acute infection of the throat, m one 
(Case 4) it was associated with glandular fever Bnef chmcal summaries 
of these patients are appended The methods used in this analysis have 
nearly all been described m a previous paper (12) 

The evidence for peripheral vaso-constnction 
The cardiac output Theoretically, raised arterial pressure in acute 
nephritis might be due either to an increase m cardiac output or to an 
increase m the resistance offered by the systemio vessels to the flow of blood 
The only estimate of cardiac output m acute nephritis seems to be one by 
Hayasaka (6) using the Fick principle and the triple extrapolation method , 
he found in one case that the cardiac output was 3,492 c c per min when the 
systolic arterial pressure v as 170 mm Hg and 3,166 o c when the systolic 
pressure had fallen to 110 mm Hg 

In view of the theoretical objections that have been raised to all methods 
of deter minin g cardiac output in man it seemed more satisfactory to determine 
the linear velocity of bloodflow between a large vein and the systemic 
capillaries by the method largely worked out by Blumgart and Weiss and 
their co-workers (3, 16) , for such determinations repeated in a single 
individual should refleot any significant alterations m cardiac output 


* Work undertaken on behalf of the Medical Research Council 
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The arm to tongue circulation time was estimated by the “ Decliolin ” 
method (6) m three patients during and after the phase of hypertension 
A large bore needle attached to a syringe containing 9 c c of 20% sodium 
dehydrocholate (“Dechohn”) was introduced through anaesthetised skin 
into the median basilic vein , after an interval of 2 minutes 3 o o of the 
solution were injected as quickly as possible, the beginning and end of in- 
jection and the subsequent bitter taste being timed by stop watch , two 
similar injections were made at intervals of 2 minutes before removing the 
needle On one patient the circulation time uas similarly estimated by 
mtiavenous injection of 0 1 c c of 1 1000 histamine acid phosphate, the 
taste being agam used as index of the substance’s arrival in the vessels of 
the tongue These estimations were made while the patients were in bed 
and two or more hours after they had eaten 

TABLE I 


Shows the arm to tongue circulation time estimated by the dechohn method in 3 cases of acute nephritis 
during and after the phase of hypertension 



During phase of hypertension 

After phnse of hypertension 

Cnee 

Date 

Blood pressure 
mm Hg 

S D 

Circulation 

time 

sec 

Date 

! Blood pressure 
mm Hg 

S D 

Circulation 

time 

sec 

1 

17/3/36 

160 

94 

21 

27/3/36 

104 

68 

23 3 


! 18/3/36 

143 

90 

22* 

2/4/36 

130 

70 

22* 

4 

! 11/6/36 

140 

80 

1 

23/6/36 

114 

72 

12 5 

5 

29/4 >36 

1 

154 

94 

m 

10/7/36 

125 

85 

10 4 


* Estimated b\ the histamine method 


The results are shown m Table I from which it may be seen that for a 
given subject the circulation times were essentially similar during and after 
the phase of hypertension It is unlikely therefore that the raised pressure 
in acute nephritis is due to increased cardiac output , it is presumably due 
to increase m the resistance offered by the peripheral vessels to the flow of 
blood It is shown m Table II that the blood viscosity is usually lowered 
during the phase of hypertension, and we may therefore, by exclusion, 
attribute the rise in arterial pressure to peripheral vasoconstriction 

The nature of the agent •producing vasoconstriction in acute nephritis 

In a recent paper (12) a method was described of testing if in hyper- 
tension the abnormal vasoconstnotion arises through the action of the 
vasomotor nerves If it does arise in this way then oomplete inhibition of 
vasomotor nervous impulses supplying a given territory should result m a 
greater bloodflow through this territory m the subject with hypertension 
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than in the subject without , for the abnormal factor narrowing the vessels 
would thus be removed and, the vessels bemg m the same state in the two 
instances, bloodflow should be approximately proportional to blood pressure 
The methods at present available enable us to carry out such an experiment 
only on the skin of the hand In the previous paper (12) it was shown that, 
for comparative purposes, a reliable mdex of the bloodflow through the skin 
of the hand may be obtained by measuring its heat elimination by Stewart’s 
method, and that vasomotor nervous tone is completely removed from this 
structure by abruptly raising body temperature The “ maximum rate of 
heat elimination ” from the hand obtained m response to raised body 
temperature thus represents, for comparative purposes, the bloodflow 
through the skm of the hand from whose vessels vasomotor tone has been 
removed This rate has been measured m the 6 cases of acute nephntiB 
by the technique fully desonbed previously (12) and which is briefly as 
follows 

One hand of the subject is immersed m a Stewart’s calorimeter containing 
3 litres of water at 30 6°C The calorimeter is stirred at a constant rate 
and its temperature read at minute intervals from a mercury thermometer 
graduated in 1/100°C The other arm is immersed m stirred water at 
46°C , a procedure which, after a latent period of a few minutes, increases 
the rate of nee of calorimeter temperature to a maximum value at about 
which it remams till the experiment is terminated at a calorimeter 
temperature of 32° After removing the hand the rate of cooling of 
the calorimeter is determined The maximum rate of heat elimination 
(H) in calories per nun is then calculated as follows 

H = (V + E) X (R + C) 

where V is the water content and E the water equivalent of the calorimeter 
(in c c ), R is the maximum rate of rise of calorimeter temperature while the 
hand is immersed and 0 the rate of cooling of the calorimeter after removing 
the hand (in °C per mm ) The blood pressure and mouth temperature are 
measured at the beginning and end of the experiment, and the hand volume is 
measured by u ater displacement at the end of the experiment After these 
measurements have been made, 20 c c of blood are withdrawn with minimum 
congestion from a forearm vem into 0 2 c c saturated potassium oxalate 
to prevent coagulation, and the blood viscosity determined by the rapid 
velocity method of Whittaker and Winton (16) m the way described previously 
( 12 ) 

These measurements were made repeatedly on the 6 cases and the results 
are summarised in Table II In this Table the values for systohc and 
diastolic blood pressure were those recorded at the end of the determination 
of heat elimination , the values at the beginning of the observation were 
usually a few, but less than 10 mm Hg higher The values for maximum 
heat elimina tion represent the maximum rate of heat elimination over the 
range of calorimeter temperature 31 0 to ’32° , they are thus strictly comparable 
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m each subject , to make the values comparable m different subjects they 
have been expressed in the next column as calories per mm per c c hand 
The other features of the table require no further explanation 


TABLE n 

Shows chiefly the maximum rate of heat elimination from the hand over the range of calorimeter 
temperature 31 32°C , tn six cases of acute nephritis during and after the phase of hypertension 


J 

Case 

Age 

Sex 

Date 

Blood 

pressure 

Max 

ehmu 

heat 

ration 


■ 

Mouth 

temp 

(Edema 

Cals 

per 

min 

Cal* per 
min per 
c c hand 

Viscositj 

5 



Beg 

End 

s 

D 

1 

24 

M 

16/3/36 


94 

467 

iff! 


86 


37 4 

Slight 




mmmm 

102 

98 

515 

■¥71 

37 

86 

36 7 

37 2 

Slight 




21/3/36 

140 

78 

445 

DTI 

— 

00 

36 7 


Trace 




mmmm 

124 

70 

386 

1 00 

— 

101 

36 2 

36 7 

None 





126 

68 

400 

1 04 

— 

101 

36 7 

37 1 

None 




1/5/36 

136 

86 

415 

1 08 

41 

90 

— 

36 8 

None 

2 

33 

F 

24/7/35 

146 

112 

279 

1 15 







None 




24/7/35 

135 

95 

260* 

104 

— 


— 

38 0 

None 




5/8/35 

118 

78 

233 

0 03 

— 

a 

— 

37 9 

None 





122 

82 

217 

0 87 

— 

a 

— 

37 7 

None 

3 

39 

F 

■ 

214 

116 

388 

121 

3 75 

68 



38 0 

Slight 




■ I utiZrl 

208 

114 

388f 

1 21 

— 

— 

— 

37 8 

Slight 





208 

114 

396 

1 23 

— 

— 

— 

38 0 

Slight 




4/11/36 

140 

82 

206 

0 93 

— 

78 

— 

37 8 

None 




9/11/35 

152 

80 

295 

0 93 

4 15 

82 

— 

37 8 

None 

4 

28 

F 

10/6/36 

146 

100 

448 

1 49 

4 16 

78 

38 0 

38 3 

None 




11/6/36 

145 

96 

422 

1 41 

— 

— 

37 3 

37 9 

None 




24/6/36 

124 

85 

362 

1 21 

38 

78 

37 3 1 37 7 

None 




24/6/36 

122 

86 

346 

1 15 

— 

— 

371 

37 6 

None 

6 

30 

F 

■ 

154 

95 

467 

141 

-- -- 



— 

37 4 

Slight 




30/4/36 

155 

96 

. 489 

1 44 

26 

70 

— 

37 2 

Slight 




10/6/36 

128 

84 

, 460 

1 40 

43 

82 

37 2 

37 7 

None 




10/7/36 

130 

76 

| 458 

1 39 

37 

82 

37 2 

37 8 

None 

6 

8 

M 

29/8/35 

156 

110 

! 288 

138 



73 

— 

37 8 

Slight 




mmmm 

98 

76 

1 295 

1 40 

— 

88 

— 

37 5 

None 




18/9/35 


60 

276 

i 

1 31 


SO 


37 4 

None 


* Determined in response to raising body temperature after previous ansesthetisation of the 
ulnar nerve at the elbow 

f Determined in response to raising body temperature after previous ansesthetisation of 
the ulnar nerve at the elbow and the median at the wrist 


It was mentioned in the previous paper (12) that in a single subject 
the maximum heat elimination vanes by less than 6% on different 
occasions, provided that the blood pressure remains constant From 
Table 33 it may be seen that the same is generally true in acute nephntis 
It is unlikely therefore that alterations in maximum heat elimination of 
much more than 6% are due to chance errors 
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During the phase of hypertension the mn.Tnmnm heat e liminatio n from the 
hand was not increased by previous ansesthetisation with novocaine of the ulnar 
nerve at the elbow^in Case 2, or by ansesthetisation of this nerve and of the 
median at the wrist m Case 3 We may conclude, therefore, that m acute 
nephritis with hypertension, as in normal subjects and subjects with persistent 
hypertension (12), raising body temperature m the way described virtually 
removes the influence of the vasomotor nerves from the skm of the hand 

In Cases 1 to 4 the maximum heat elimination showed variations 
considerably greater than the range of chance error and in the same direction 
as the variations in arterial pressure Alterations m the maximum neat 
elimination can be produced by alterations m blood temperature and by 
alterations m blood viscosity as well as by alterations in the arterial pressure 
and m the tone of the vessels of the hand Of these factors the temperature 
of the blood may be dismissed with the remark that the variations in blood 
temperature, as indicated by mouth temperature, were too small to produce 
any definite variation in heat elimination except m Case 4 , this patient was 
febrile during the first observation and the observation will therefore be 
eliminated from subsequent discussion The fall m blood viscosity during 
the initial stages of Cases 1 and 3 may have contributed to the increase in 
the maximum heat elimination from the hand but cannot have been a chief 
factor, for m each case the fall in viscosity was of the order of 10%, whereas 
the rise in heat elimination was of the order of 30% In Case 4, moreover, 
the blood viscosity was slightly increased during the phase of hypertension , 
in Case 2 the viscosity was not measured It is concluded that m these 
cases the chief factor responsible for the changes in heat elimination was the 
arterial pressure 

In a previous paper (12, p 224), an observation was described on a 
patient with a large arteriovenous fistula of the femoral vessels m whom the 
blood pressure could be raised at will by compressing digitally the artery 
proximal to the fistula , this observation showed the order of change of 
maximum heat elimination that is produced by a given change in arterial 
pressure, all other known factors, including the tone of the hand vessels, 
remaining constant The relationships between maximum heat el imina tion 
and diastolic arterial pressure observed in this patient and m Cases 1 to 4 
of the present paper axe shown m Fig 1 , the diastolic pressure has been 
chosen as being a closer approximation to mean arterial pressure than is 
the systohc value It may be seen from this figure that a given rise of arterial 
pressure produced increases of heat elimination of the same order in the 
patients with acute nephritis as m the patient with arteriovenous fistula 
In these cases of acute nephritis, therefore, the difference m the rates of 
maximum heat e limin ation observed in the different stages of the disease 
are such as would be expected from the observed changes of arterial pressure 
if, under the circumstances of the experiments, the tone of the vessels of the 
hand were the same when the blood pressure was high as when it was low 
Thus we may say that in these four cases of acute nephritis during the phase 
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of hypertension no abnormal vasoconstriotion could be demonstrated m 
the band after completely inhibiting vasomotor nervous impulses to it 
Tins result is quite different from that previously obtained in chrome 
nephritis and other forms of persistent hypertension in which raised blood 
pressure was found to be unassociated with any increase m the rate of 
maximum heat elimination from the hand (12) It is incompatible with the 
possibility of hypertension being due to vasoconstriction of chemical origin 
m these 4 cases, except in the unlikely event of the chemical agent being one 
that has no action on the skin vessels of the hand It is compatible with 
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Fig 1 Shows the relationship between the maximum rate of heat elimination from the hand 
(m cals per mm per c c hand) and diastolic arterial pressure (m mm Hg) m the case of 
arteriovenous aneurysm (open circles), and Cases 1 (solid circles), 2 (solid squares), 3 (solid 
triangles), and 4 (open triangles) of the present series 


the possibility that hypertension is due to increased cardiac output, an 
explanation which has, however, been shown to be improbable in the previous 
section The only explanation with which the observations here presented 
are in simple agreement is that in these four cases of aoute nephntis the 
hypertension was due to vasoconstriction of vasomotor nervous ongin 

In Cases 5 and 6 the increases m maximum heat elimination dunng the 
phase of hypertension were small and were within the range of chance error 
It is possible that m these two cases the hypertension was due to vasocon- 
striction of chemical origin, the vessels of the hand rema inin g abnormally 
constricted after loss of vasomotor nervous tone dunng the hypertensive 
phase , but other explanations cannot be excluded Thus it has been 
shown previously (12) that Stewart’s method probably under-estimates large 
as compared with small bloodflows , in these two cases the maximum rate 
of heat elimination was large dunng the phase of normal blood pressure, and 
it is possible that m them an increased bloodflow through the hand dunng 
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the phase of hypertension was not reflected by any significant increase in 
heat elimination Clinically there was no clear difference between Cases 
5 and 6 and Cases 1 to 4 Prinzmetal and Wilson (13) found that no vocaine 
injection of the appropriate sympathetic ganglia produced an apparently 
normal increase m forearm bloodflow m one case of acute nephntis 

Discussion 

The chief point of interest that emerges from this work is the suggestion 
that in some, and probably most, cases of acute nephritis hypertension is 
due to vasoconstriction of vasomotor nervous origin Although this 
suggestion is out of harmony with Volhard’s well-known theory of the 
mechanism of pale hypertension (14), yet there is no definite evidence standing 
in its way , the claim by Bohn (4) that m acute nephritis and other forms of 
so-called “ pale ” hypertension a pressor substance can be obtained from 
the plasma by alcohohc extraction has not been confirmed m the case of 
acute nephritis by Page (11) or m other forms of hypertension by numerous 
workers Vasoconstriction of nervous origin might conceivably arise in 
one of two ways, either by the presence m the blood of some centrally acting 
pressor substance or by a reflex mechanism Of these two possibilities the 
latter is by far the more probable, and it is natural to look for the origin of 
such a reflex m the organ which alone shows constant anatomical abnormali- 
ties in acute nephritis, namely, the kidney Although no suoh reflex has 
yet been demonstrated, it may be presumed to exist from the work of 
Arnott and Kellar* (1) who have shown that m the rabbit the hypertension 
which ordinarily accompanies oxalate nephritis does not appear if the 
kidneys are previously denervated 

The conception of hypertension originating reflexly from the kidney 
in acute nephritis is not new, but does not conform with recently expressed 
opinion In 1917 Nonnenbruch (10) showed that m many cases of the acute 
nephritis of war time, oedema and hypertension preceded by several days the 
appearance of albumen and blood m the urine The early appearance of 
hypertension has been confirmed repeatedly for the acute nephritis following 
scarlatina and other acute infections by Kykn (8), Koch (7) and Bayart (2) 
For this reason the majority of recent writers have abandoned the view that 
the hypertension of acute nephntis is secondary to the renal lesion, and 
suppose that the rise m blood pressure is an expression of some primary 
disturbance in the vascular system, the exact nature of which is uncertain 
The question has been recently reopened by the work of Masugi (9) This 
author has prepared a nephrotoxic serum by injecting ducks with emulsions 
of rabbit’s kidney , injected into rabbits this serum produces an acute 
glomerulonepkntis histologically identical with the human disease, and 
likewise characterised by hypertension, nitrogen retention and the appearance 
in the urrne of albumen, blood and casts , as m man, so in the rabbit, the 

* Drs Arnott and Kellar tell me that they hat e recently found that the hypertension 
ordinarily accompanying acute nephntis produced in the rabbit by nephrotoxic serum similar!} 
fails to appear after renal denervation 
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rise of blood pressure precedes tbe albuminuria The method of produ cing 
the disease tempts one to suppose that in the rabbit the hypertension results 
from the renal lesion , but it is to be borne in mind that as yet no adequate 
lesion of the kidney has been demonstrated at the time of onset of hypertension 
The methods used in this and the preceding paper lead to different 
conceptions of the mechanism of hypertension m acute as opposed to chrome 
nephritis , current conceptions of the mechanism of oedema formation m the 
acute and subacute stages of the disease similarly differ In the previous 
paper (12) it was shown that the maximum rates of heat elimination from 
the hand are no greater m patients with chrome nephritic, essential and 
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Fig 2 Shows the maximum rate of heat elimination (in cals per mm per c c hand) obtained 
m subjects with normal and raised blood pressures 

malignant hypertension than in normal subjects of similar age , and it was 
tentatively concluded that m these conditions hypertension is due to 
vasoconstriction of non-nervous, and presumably chemical, ongin, similar 
conclusions were drawn by Prinzmetal and Wilson (13) If we are 
right in believing that in acute nephritis the hypertension is of vasomotor 
nervous origin, whereas in chrome nephritis and other forms of persistent 
hypertension it is not, then it is evident, from the argument developed 
m this and the preceding paper, that the difference ought to be apparent 
from a comparison of the maximum rates of heat elimination from 
the hand obtained m the several conditions Pig 2 is a reproduction 
of Pig 3 of a previous paper (12) to which have been added data since 
obtained for one case of chrome nephritis and for Cases 1 to 4 of the present 
senes It may be seen from this figure that in these patients with acute 
nephritis the maximum rates of heat elimination are at or above the upper 
normal limi t, whereas in the patients with chrome nephritis and other forms 
of persistent hypertension the maximum rates of heat elimination are 
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indiscriminately scattered within the normal limits When it is recalled that 
the degree of hypertension exhibited by the patients with acute nephritis 
was small in comparison with that ruling m the other conditions, the 
probability of an essentially different mechanism is evident 


Summary 

1 Raised artenal pressure m acute nephritis probably results from 
vasoconstriction because — 

(а) In three cases the circulation time, as estimated by the dechohn 

method, was essentially the same when the blood pressure was 
high and when it was normal 

(б) The blood viscosity was shghtly decreased m three and slightly 

increased in one patient during the phase of hypertension 

2 In four out of six cases of acute nephritis estimations of bloodflow 
showed that during the phase of hypertension no abnormal vasoconstriction 
was present in the hand from whioh vasomotor nervous tone had been 
completely removed 

3 Hypertension seems to be due to vasoconstriction which is of 
essentially different origin m acute and chrome nephritis , m the former it is 
probably of nervous origin in most cases , m the latter it is probably not 

CASE REPORTS 

Case 1 E L , a man of 24 years, suffered from Bore throat with enlarged cervical glands 
from 6/3/36 to 9/3/36 On 14/3/36 he noticed swelling of his face and ankles and on the following 
evening his urine was dark m colour He was admitted to hospital on 16/3/36 on which day he did 
notunnato till 4 p.m when he voided 600 c o of dark unno containing 0'2% albumen, macroscopio 
blood, and numerous red cells and granular and blood casts m the centrifuged specimen He 
had a shght generalised oedema, his systolic and diastolic blood pressures were 168 and 102 
mm Hg, and the blood urea 70 mg per 100 o c The blood pressure fell to 130/80 on 19/3/30 
and the oedema disappeared by 23/3/36 On discharge from hospital on 4/5/36 the blood 
pressure was 126/70, the blood urea was 38 mg %, and there was no oedema but the unno still 
contained a trace of albumen and a shght excess of red blood cells On 7/0/36 the blood 
pressure was 132/82 and the urine contained the fainteBt trace of albumen and a shght excess 
of red cells 

Case 2 F M , a mamed nulhparous woman of 33, noticed swelling of her legs and face 
on 11/7/36 , three weeks previously she had a sore throat lasting about two weeks On 17/7/35 
she went to bed and by the following day her oedema had disappeared, but she complained of 
headache She was admitted to hospital on 20/7/36 and when examined on 23/7/35 she had 
no oedema, the systolic and diastoho artenal pressures were respectively 100 and 100 mm. Hg 
and the unne contained albumen macroscopio blood, and casts The blood pressure fell to 
normal in ten days On discharge on 11/9/35, the unne contained a famt trace of 
albumen and a shght excess of red cells On 10/9/36, the blood pressure was 118/78 and the 
unne was normal 

Case 3 HJE , a nulhparous housewife of 39 years had two attacks of tonsillitis with 
pyrexia an d cervical adenitis in August, 1935 A week after the last attack her face and hands 
swelled, and she s uffe red from epigastno pain and vomiting and severe headaches On 8/10/35 
she had a severe headache followed by two epileptiform convulsions and unconsciousness She 
was admitted to hospital on 9/10/35 m a drowsy condition no abnormal physical signs were 
found m the nervous system There was shght generalised oedema the systolic and diastolic 
blood pressures were respectively 160 and 88 mm Hg, the blood urea was 63 mg % and the unne 
con tain ed much albumen, and many red blood cells, and blood and cellular casts A venesection 
of 260 c c did not alter her condition On the following day the blood urea had fallen to 34 mg % 
and she became alert , there were no further cerebral disturbances The blood pressure gradually 
rose to 205/116 on 14/10/35 and then fell gradually to reach 138/90 on 8/11/35 at about which 
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value it remained thereafter The oedema disappeared by 23/10/35 On 13/11/35 the maximum 
concentration of urea m the urea concentration teat was 1 8% On discharge, 11/1/30, the urrne 
still contained albumen and red blood corpuscles 

Case 4 K L , a nurse aged 28 years, was admitted to hospital on 7/6/36 complaining that 
two weeks previously she had felt tired and “ run down ” , three days later her eyehds swelled 
and two days later her cervical glands enlarged and she noticed white patches on her tonsils 
On admission she was found to have follicular tonsillitis with enlarged cervical and axillary glands , 
although there was no cedema the systolic and diastolic artenal pressures were 160 and 110 
mm Hg respectively, and the urine contained a trace of albumen with numerous red cells and 
granular casts m tlie centrifuged specimen , the blood urea was 27 mg % A blood count on 
12/6/36 showed 10,700 white cells per c mm of which 10% were polymorphonuclear, 78% 
lymphocytes and 9% monocytes , the serum agglutinated sheep’s red blood cells in a dilution of 
1 m 612, confirming the clinical diagnosis of glandular fever An Addis count on the irnne on 
12/6/36 showed on excretion rate of 2,500,000 red cells and 140,000 casts per 12 hours confirming 
the diagnosis of acute nephritis On discharge 25/6/36, the blood pressure was 116/76, the urrne 
contained only the faintest trace of albumen and no cells and the glands were of normal size 

Case 5 FT , a housewife of 30, who had had two normal pregnancies, the last six years 
ago, suffered from a sore tluoat on 13/4/30 lasting two days On 21/4/36 her eyehds Bwelled, 
followed on 24/4/36 by swelling of the feet On admission on 29/4/36, she had slight generalised 
oedema, the syatolio and diastolic artenal pressures were respectively 160 and 95 mm Hg and 
the urine contained much albumen and many red cells and blood, epithelial and granular casts 
The oedema disappeared by 18/6/36, but the blood pressure remained elevated till the beginning 
of June when it had fallen to 124/85 On discharge, 10/7/36, the unne still contained a trace 
of albumen and a slight excess of red cells On 7/9/36 the blood pressure was 132/82, the 
urine contained tlie faintest trace of albumen and a Blight excess of red cells 

Case 6 L H , a boy of 8$ years, had a sore throat lasting one day on 15/8/35 A week 
later he loBt his appetite and suffered from headache and lus unne was scanty and dark On 
26/8/36 lus eyehds and face became swollen Admitted to hospital on 29/8/35 he was found to 
have slight generalised cedema , the systolic and diastolic pressures were respectively 174 and 
110 mm Hg, and the unne contained much albumen and many red cells and granular and 
epithelial casts , the blood urea was 70 mg % on 30/8/36 Tlie systolic blood pressure remained 
between 140 and 160 mm Hg for several days and then fell, reaching 90 mm Hg on 7/9/36 The 
blood urea was 49 mm Hg on 9/10/35 On discharge on 12/11/36 the unne still contained a trace 
of albumen and a slight excess of red cells , tlie urea concentration test was up to 2 5% urea 
On 7/9/36 the blood pressure was 98/68, and the unne was normal 
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The experiments described in this paper were begun in the hope of more 
dearly understanding hyperalgesia of the skm The skm of healthy subjects 
submitted to one of several forms of deliberate injury becomes tender, and 
skm so injured was investigated by Hess and myself (6) a few years ago 
During the course of this and other work upon cutaneous reactions, I often 
noticed that hyperalgesia is not confined to the area exhibiting obvious 
vascular signs of inflammation, but spreads widely beyond it, the same 
thing was noticed in instances of local infections of the skin , and I made 
particular mental note of widespread hyperalgesia around a point of faradic 
stimulation of the skm This diffuse hyperalgesia interested me especially, 
and pre l i minar y experiments undertaken two years ago soon convinced me 
that it could be studied successfully, and that its investigation might possibly 
throw hght on the long disputed origin of referred tenderness. 

Professor R Hussey, of Yale University, became interested m these 
observations while visiting my laboratory this year, and a large number of 
the experiments done on my own skm were repeated on Ins Thus it was 
my good fortune to have at my disposal the independent observations of 
a trained worker to whom I here gratefully acknowledge this help The 
third subject of experimentation has been my laboratory assistant, Mr 
A J Honour, upon the accuracy of whose observations I have long known 

I can rely , 

Where it is not otherwise specifically indicated, it is to be understood 
that the experiments described have been earned out upon these three 
subjects with results that have been in harmony 
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Part I Hyperalgesia from injuries of the skin 
Hyperalgesia following faradisation of the shin 

When a strong faradic current is applied to the surface of the forearm, 
it is frequently noticed that an area around the pomt of stimulation subse- 
quently becomes sore, in the sense that it is sensitive to light fnotion The 
development of soreness vanes muoh m degree and in extent in different 
individuals, with different strengths of current and with the duration of 
stimulation To obtain an adequate area of soreness, it is always necessary 
to use the faradic current at a strength giving considerable pain and raising 
a distinct area of goose skm for several centimetres around the twin points 
of the stimulating electrodes The current should be contmued at this 
almost unbearable intensity for a period of about 5 mm Even so the effeot 
from subject to subjeot is inconstant In a few subjects no noticeable soreness 
of the skm develops , m most subjects it is identified without difficulty , 
in a number it is conspicuous and widespread , naturally, it is in the last 
that the phenomenon can be investigated most successfully The following 
example is chosen to illustrate the effects as these are witnessed in such a 
subject Stimulation was apphed for 5 minutes to a chosen pomt of the 
skm of the lower part of the front of the forearm The stimulation caused 
prominent local goose skm, which was maintained to the end of the stimulation, 
by which time a wide area of surrounding skm was flushed At the end of 
stimulation (6th mm ) httle or no soreness of the surrounding skm could be 
detected, on the contrary it seemed a httle numb to light friction At the 
6th mm , however, this gave place to soreness, sufficiently well defined to be 
outlined on the skm (Fig 1, area marked “ 6 mm ”) , the faradic current 
had injured the skm, which was showing a definite small wheal (w) The 
soreness increased m intensity and spread farther up and down the arm, 
increase m the area being mapped out at the 9th, 11th and 16th minutes 
A cunous tongue of soreness was noticed extend mg up the arm and covering 
three chief superficial veins, the courses of which are indicated by dotted 
lineB m Fig 1 The total area extended over 18 cm of the length of the 
forearm and was as much as 7 cm in breadth The soreness lasted for several 
hours An interval of several days was allowed to intervene to ensure 
complete recovery, when stimulation of the same intensity and duration was 
repeated at exactly the same pomt The area of soreness when finally 
mapped out corresponded closely with that previously recorded, similarly 
extending up the arm and covering the three veins Other repetitions on 
subsequent occasions gave the same result 

Speaking generally of the effects of faradic stimulation of the forearm, 
it may be said that the example here presented is of a full reaction , strong 
stimulation of 6 mm duration is followed m most individuals by less extensive 
effeots than that described The effects are repeated when the same spot 
is stimulated from time to time The area of soreness always has its long 
diameter in the length of the arm , m general, it spreads proxnually more 
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than distally when the stimulated point lies near the wrist, and distally more 
than proximally when the stimulated point is near the elbow Its extension 
to skm overlying large superficial veins has been noted repeatedly and 
spontaneously by different subjects , usually the extension is up the veins, 
but it may be down them, or the skm over a vein may form a long lateral 
border of unusual soreness A relation to veins is not invariable, but it is 
frequent enough to be more than accidental It is usual to find a little 



Fig 1 ( X J) Faradic stimulation of akin a little abo-s e the u rist TJL. February the 12th, 

1935 The ■wlieal produced is shown at TF The area of hyperalgesia, which developed 
subsequently, is indicated by solid lines, with the times in minutes at which the corresponding 
outline was mapped out t>, v, v indicate the centre lines of three subcutaneous veins The 
marks made on the skin have been traced in tbe case of tbis and similar diagrams on cellophane 
laid down subsequently on the arm 

In this and subsequent charts the top edge of the chart represents its distal margin 

soreness at the end of 5 nun stimulation or for soreness to begin to develop 
within a minute or two Full reactions develop completely by the 1 6th to 30th 
nun When widespread, it is easy for the subjeot to recognise that the 
intensity of soreness is in general greatest m skm immediately surrounding 
the stimulated point, and that it diunmsheB in degree as it is traced away 
from this point It lasts for different periods m different individuals and 
according to its original intensity , m full reactions, it is usually still recog- 
nised 8 to 12 hr subsequently, and sometimes for a period of one or two days 
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Description of the hyperalgesia The soreness is noticed when the shrn 
is very lightly rubbed with a finger or other object As a rule it is not 
so conspicuous that attention is constantly called to it by the contacts of 
clothing, but it is quite distinct Minor grades of soreness are difficult to 
outline with accuracy Sometimes soreness may be so developed as to draw 
frequent attention to itself, the friction of clothing being unpleasant , suoh 
soreness is often quite sharply defined 

If the area is tested by hght touches with cotton wool, or by very hght 
Frey’s hairs, the sense of touch is found to be unchanged or more frequently, 
and usually m the early stages of the reaction, to be diminished Needle 
pricks give unusually intense, diffuse, and long lasting pam When the 
needle is mounted on a smtably flexible hair as handle, pricks are more often 
felt over the sensitive area than over normal skin A Frey’s hair which 
gives nse to a sense of touch on normal skin often produces a sense of 
pnckmg on the sensitive skm, and cotton wool rubbed hghtly over the 
surface may ehcit soreness 

When there is full soreness a sense of very slight spontaneous burning 
or smarting is felt diffusely over the whole area , this smarting is often 
exaggerated or develops, in response to shght friction, precisely over the 
area rubbed An increased response of the pam nerves to warmth has been 
suspected or detected on a number of occasions on which it has been tested, 
but the effect when present is shght 

Spread of hyperalgesia by diffusion, etc Reasons have been given m an 
earlier paper for believing that m injuries of the skm a Bubstance is released 
at the injury and gives rise to local tenderness and pam Now faradism injures 
the skm locally and at first the idea was entertained that the zone of skm 
surrounding the pomt faradised becomes hyperalgesio owing to the diffusion 
or convection of a released substance , this idea was encouraged by the 
gradual spread of hyperalgesia from the centre, which is the rule, and by its 
occasional and peculiar mvolvement of veins, which suggested flow up 
lymphatic channels But doubts arose when very large areas of skm were 
found to be mvolved m relatively short periods of tune, since the spread was 
altogether too rapid for a movement of a released substance through the 
skm and smce the spread might occur much farther m a distal than m a 
proximal direction , and when it became clear that mvolvement of veins 
is not always on the proximal side of injury A simple experiment disposes 
of the idea that movement of tissue fluid plays any appreciable part The 
circulation to the forearm is arrested by means of a pneumatic cuff distended 
upon the forearm The faradio stimulus is now applied immediately distal 
to the cuff Hyperalgesia develops at its usual rate on the ischaemic skm 
below the cuff When this is well developed a second cuff is used to arrest 
the circulation m the upper arm, the first cuff being rapidly removed and the 
skm beneath it tested This skm is found to be hyperalgesio over large 
areas extending upwards from the site of injury , and these areas of 
hyperalgesia remam unchanged for hours after the circulation of blood and 
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lymph is released This result led on to the testing of spread in the nervous 
system 

The effect of blocking the relevant cutaneous nerve The nerve usually used 
has been the anterior branch of the external cutaneous, which supplies the skin 
on the front of the outer parts of the forearm This nerve is easily found by 
applying a faradic current to the arm (14), and its course traced and marked 
for a sufficient distance beneath the skin after its emergence from the deep 
fascia The blocking experiment should be conducted on a subsequent day, 
smce some hyperalgesia may develop after the faradism used in testing the 
arm The nerve is easily anaesthetised, if it has been marked out aoourately, 



Fig 2 ( X 1) Faradisation of skin and nene blook TL Apnl the 22nd, 1036 

0 min A bran oh of the external outaneous nerve (N) is anaesthetised by injecting 1 /o 

novocame at (A) , 

6 mm An area of anrcsthesia and hypotcsthesia of the skm has appeared, and t e 
bounds of defective sensibility have been mapped out (dotted lino) 

8 min The skm is faradised with a ourrent of usual strength, sufficient to produce and 
maintain local goose skin for 6 mm m the centre of the aniestliesio area The 
current is not felt It subsequent produces a wheal (TV) 

21 min The nen e block is reoovenng and hyperalgesia is taking the place of hypoicsthesia 

and antesthesia 

46 min The area of fully developed hyperalgesia is mapped out (solid line) 

by introducing 0 5 c c of 1% novocame 0 5 cm and 0 5 c c 1 0 cm deep 
into the skin m the line of the nerve The area of defective sensibility is 
mapped out, and a central point of absolute anaesthesia and analgesia, it 
present, is ohosen for stimulation The stimulus is of the usual strength 
and duration As the nerve anaesthesia disappears the subject often becomes 
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aware of a little sense of burning in the skm of the arm in the region of 
stimulation or more diffusely, and hyperalgesia of usual extent and intensity 
(Fig 2), is soon displayed and lasts as usual for many hours 

This experiment shows that the appearance of the hyperalgesio state is 
independent of the receipt of painful impulses by the central nervous system 
and strongly suggests it to be the result of a local mechanism 

The hyperalgesia, arises through nervous channels When the skm of the 
forearm is stimulated hyperalgesia develops around it m a zone of roughly oval 
form This is so wherever the stimulus is put down, and there is no clear indica- 
tion that nerve districts, spmal or peripheral, are controlling the distribution 
The fact that nerve districts are actually involved is only indicated when the 
stimulus is put down m the centre of an area previously mapped out as 
corresponding to the distribution of a cutaneous nerve, and put down at a 
pomt known to be rendered anaesthetic by the ansesthetisation of this nerve 
The area of hyperalgesia produced by faradism, and the area of defective 
sensibility produced by nerve anaesthetisation, are frequently found to 
correspond with an accuracy beyond the possibility of simple coincidence 
Such divergences as occur between the two boundaries in the circumstances 
of the experiment are readily to be explained by the difficulty m mapping out 
one or other with great precision on the skm, or by hyperalgesia failing 
to develop to the full extent of the nerve’s distribution It will become 
more and more evident that the distribution of peripheral nerves controls 
that of hyperalgesia as this paper proceeds That the spread is through 
nervous channels is conclusively shown by local anaesthetisation of the skm 
The effect of preliminary local anaesthesia The skm is injected mtrader- 
mally with 1% novocame to produce a crisp wheal about 1 cm m diameter , 
and an equal amount of anaesthetic may also be mtroduced immediately 
beneath this wheal to paralyse any deeper lying fibres The faradic current 
m its usual strength is applied for 5 min to the centre of the wheaL This 
stimulation should not be felt, or at the most should be appreciated as a 
slight and painless local tingle Such local anaesthetisation of the skm, 
while it lasts, prevents hyperalgesia developing If, after stimulation has 
ended, the wheal ip tested with a needle, it will be found to be completely 
analgesic , but after 5 or more minutes this analgesia will begin to recede 
at its margin, a recession which slowly continues The surrou n di ng skm 
shows no change m sensibility until the skm on which the electrodes actually 
lay becomes sensitive agam There is notable correspondence in time between 
this recovery of the ansesthetic area at its centre and the first appearance of 
hyperalgesia m the surrounding skm, and from this time the hyperalgesia 
spreads at its usual rate to occupy a larger and larger area In these tests 
the novo cam e injection delays the appearance of hyperalgesia for periods 
up to 10 or 20 min , according to the duration of anaesthesia , it delays its 
appearance for longer times if adrenaline is added to the novocame solution. 
Ultimately the hyperalgesia is as conspicuous and as extensive as in control 
observations It is here to be stated that in all subjects used m these tests. 
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the effect of local ansesthetisation of the skm has been observed as a control , 
the area of skm actually injected becomes tender on recovery, and in two 
of these subjects small patches of adjoining skm also became sore , but the 
areas involved Mere very small by comparison with those becoming hyperal- 
gesic in the mam experiment, and the hyperalgesia when present was much 
less in degree and short lasting 

This experiment is important from several points of view The failure 
of hyperalgesia to appear while the anesthesia holds shows that the 
hyperalgesic state is not due to the spread of substances into surrounding 
skin or to the direct spread of current to the nerves m surrounding Bkm 
The direct effects of the faradic current are m fact very local , it is surprising 
hou small an area of local anaesthetic cuts out all pain and goose skm during 
stimulation, and prevents the development of all hyperalgesia while the 
anaesthetic lasts The conclusion already reached is confirmed that the 


development of the hyperalgesic state is independent of the receipt of painful 
impulses by the central nervous system The failure of hyperalgesia to 
appear while the anaesthetic holds, and its development as the ansesthetic 
disappears, shows that local injury to the skm by faradism is primarily 
responsible, that a substance locally released by this injury remains, or is 
produced continuously at the injured point, and that this begins to act 
through the nerves immediately these channels are open, thus producing the 


hyperalgesic state of skm at a distance 

Local anaesthesia , other experiments If the skm is first submitted to 
faradic stimulation and the hyperalgesia is allowed full time to develop 
(20th to 25th mm ), then thorough local amesthetisation of the skm which 
has been stimulated is without effect upon the hyperalgesia, and no change 
is detected in the area or intensity of the hyperalgesia while the local 
anaesthetic lasts The duration of the local anaesthetic may be prolonged 
by repeating the injection, or by employing novocaine solution containing 
adrenaline also In many experiments the local anaesthetic has lasted 16 
or 20 minutes, m some for an hour , m some the area of skm anaesthetised 
has been increased to fully 2 cm diameter , the result has been uniform m 

all these experiments , hyperalgesia persists * . , 

Now it has been concluded that in the basal observation the hyperalgesia 
is an after-effect of local damage and supposedly arises from a localrekasc 
of injury products and their action on surrounding skm throughnexvous 
channels , ” further evidence of the intervention of ^JProtaetevnUb^ 

«o nS 

5= sr- M^rsrJS 


* With one except ion In tins a not t o^duTto thea^a^wof of hvporostliesia , 

in one direction , the reduction wns found J £ Sva twbeutaneous nerve twig was 

XLSTS - ■' » * complication .tat w 

occnsionalh arise 
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that the original injury sets up, through nervous channels, a relatively stable 
state conducing to hyperalgesia m skin lying at a distance How this state 
is set up will be discussed later 

If the skm is first faradised and anaesthetised at once and before any 
hyperalgesia has developed, the appearance of hyperalgesia is delayed until 
the local anrosthesia has disappeared This is to be interpreted in the sense 
that the local effects of the faradic current, on which the distant hypcralgesic 
state ultimately depends, are not established immediately in the case of 
faradism, but are cumulative , or to particularise, the products of looal 
injury are not released fully and at once 

If the skin is first faradised and hyperalgesia is allowed to develop 
partially (9th to 11th mm ) local ansesthetisation fails to impede or to reduce 
its further development Thus the effect produced through the nerves on 
distant skm is seemingly one which once started develops further 

Nerve block and local anceslhesia In considering the effects of a skm 
injury we dealt first with the possibility of painful impulses acting on the 
central nervous system , there is another way m which the central nervous 
system might conceivably be affected, namely, by painless impulses When 
the nerve to the skm is blooked before that skm is stimulated, painless im- 
pulses might nevertheless ascend to the central nervous system after the 
recovery of the block and might be conceived to set up m it a process by which 
tenderness was referred to the periphery This possibility is ruled out, and 
the alternative hypothesis of a purely local process proved, by the following 
experiment The nerve is first blocked and the faradio stimulation carried 
out painlessly Ten minutes are allowed to elapse, so that the supposed 
change that is conceived to occur in the skm surrounding the injured area 
may be well started , and the damaged area is now thoroughly infiltrated 
with novocaine and adrenaline Impulses can travel to the end of ten 
minutes interval m the peripheral nervous channels, but are barred from 
reaching the central nervous system , subsequently they are barred from 
emerging from the damaged area The result is the expected one , when 
the nerve block recovers— and it tends to recover first because put down 
first and without adrenaline — the usual area of hyperalgesia is found 
surrounding the still analgesic area of injury In this experiment it is a 
little difficult to arrange that recovery from the nerve and the local 
anaesthetic should occur at appropriate times, but it has been earned ou 
repeatedly with full success, and with the result stated, on two subjects 
(Fig 3) It seems to provide conclusive evidence that the hypcralgesic 
state is not generated through the central nervous system 


Hyperalgesia following mechanical injury 
In subjects in whom hyperalgesia is easily produced by strong and 
prolonged faradisation of the skin, an exactly similar ^yP^lge^ canbc 
produced by crushing little bits of the living epidermis A fold of the skm 
as small a piece as can be held, is caught up at the tip of a pair of strong u 
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finely tapered forceps, is abruptly crushed and the forceps removed * 
Hyperalgesia appears very quickly , it may be recognised within periods 
as short as 10 sec from the injury The hyperalgesia is at first in the skm 
directly surrounding the broken skm, but it spreads rapidly during the next 
3 or 5 minutes, and more slowly up to the 10th to 15th minute Not 



Fig 3 (X 1) Faradiam of the skin after blocking the nerve to it and with subsequent local 
anresthesia TL May the 1st, left forearm The position of the anterior branch of 
the external cutaneous nerv e is shown at N N as mapped on the skin 
0 min The nerve is anaesthetised by piercing the skin over it at point marked “needle ” 
and injecting 1% novocame in the region of the nerve at A The area of resultant 
anaesthesia and hyporesthesia is indicated bv the dotted outline , it includes a 
small area of skm anaesthetised by direct infiltration near the injection 
4 min The centre of the area of anresthesia is faradised for 6 minutes at TV , the current 
is not felt The stimulus produces goose skm 
19 min The nerve block ib still full 1% novoeaine with adrenaline injected into the 
skm mtradermally and a little subdermally at the site of fnradio stimulation 
30 nnm The nerve blook has recovered, leaving a central area (An) anaesthetic from the 
local injection Distmct Bense of bum around the faradised region Hyperalgesia 
has appeared over a wide area, which subsequentlj increases and is represented 
bv the solid line at the 63 min the local anresthesia persisting 

* Many years ago Goldscheider (2, 3) reported that hyperalgesia appears around a fold of 
skm pinched b> a small clamp This hyperalgesia was associated with the pain produced by 
clamping , it disappeared when the damp was removed His investigations were made during 
the period of painful damping My observations concern hyperalgesia following as a long- 
lasting after-effect of injurj I have not investigated the phenomenon described bj Goldscheider 
and cannot bring his observ ations into relation with my own 
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infrequently it tends to pick out skin over large superficial veins The f ull 
area of hyperalgesia is less than that found after 5 minutes of faradism, being 
rarely more than from 5 to 10 cm in length , but areas of 15 to 20 cm 
length are sometimes seen The hyperalgesia lasts for several or many hours 

These areas of hyperalgesia are unaffected by thoroughly anaesthetising 
the region of injury by intradermal and subdermal injections of novocame , 
the test is particularly satisfactory in the case of this injury, whioh is so 
easily and quickly covered by anaesthetic If the skin is crushed after the 
local anaesthetic has been put down, no hyperalgesia develops until the local 
anaesthesia has disappeared In these respects the reactions are precisely 
like those already described for faradism A difference is displayed if the 
local anaesthetic follows quickly upon the crush or upon the faradio 
stimulation , in the latter instance hyperalgesia fails to develop, whereas 
in the former case it develops fully and at a rate that appears to be but httle 
changed by the local injection, even if this is completed within 16 seconds 
of the injury 

These experiments support the view that damage to the cells of the skin 
and local release of a tissue substance is responsible for the subsequent 
hyperalgesic reaction The speed with whioh hyperalgesia develops in the 
case of the crush, relative to that in faradisation, is explained by supposing 
the almost instant release of substances locally The injury is effective 
when the smallest fold of skin is crushed, an indication that the substance 
released may be derived from the epithehum 

It is of interest to note that subjects who fail to develop hyperalgesia 
after faradic stimulation fail to develop it after the crush and that m both 
instances surrounding hyperalgesia may be replaced by hyposesthesia or 
by itohy skm 

Hyperalgesia foUomng freezing 

Freezing is another and useful method of damaging skm, for it is painless 
and the seventy of injury can be graded nicely and at will New experiments 
on the effects of freezing have been undertaken but their descnption will be 
deferred (page 403) Here I will confine myself to stating the immediately 
relevant facts that widespread hyperalgesia of the usual type develops 
around these freezes , and that the hyperalgesia appears quickly when the 
freeze is severe, but may take hours to develop when damage is slighter 
The appearance of widespread hyperalgesia in these experiments may be 
interpreted as resulting from damage to the walls of the cells during their 
solidification and to subsequent release of appropriate substances into the 
intercellular spaces Such an interpretation has already been used to 
account for the triple response which follows at once after freezing skm and is 
attributed to the release of H-substance 

The appearance of hyperalgesia seems to be associated with the severer 
grades of injury, such as disrupt the cells, as is the case with the crush or 
the severe freeze, in which case hyperalgesia comes quickly , or with less 
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severe forms of damage that are prolonged, and lead to the development 
of hyperalgesia as a delayed effect, as m the case of faradic stimulation or 
of the mild freeze 


Skin extracts and hyperalgesia 

I find that if freshly exoised human or guinea-pig’s skin is extracted by 
cr ushing it, or by freezing and then crushing it, and by adding an equal or 
smaller bulk of distilled water to the pulp, the fluid so obtained after 
centrifugalisation, gives rise to local smarting when injected in small quantities 
(0 02 or 0 03 c c ) intradermally The smarting comes after a short delay 
and increases in intensity , it is usually mild but may be severe andlasts usually 
for several minutes It is sometimes mixed with itching, for the juice 
expressed from skin m this way contains H-substance and wheals the skin 
into which it is introduced, as previously shown in this laboratory 
Hyperalgesia soon develops around the site at whioh this juice is injected, 
and it spreads for about 10 to 15 mm The full areas of hyperalgesia may 
be extensive 

Many experiments have been conducted on these lines They are 
consistent with the behef that a substance is present m normal slon, which, 
when released, is capable of giving nse to hyperalgesia and to pain 
Observations m which Professor C R Hanngton has given me his help 
show that the extract does not owe its potency to changed pa or to altered 
tonicity The pain is not due to contained protein, which may be removed 
without affecting the reaction, to potassium, or to histamine, or to 
acetylcholine * But I think it would be unjustifiable to press these observa- 
tions in favour of the mam thesis, owing to the complex nature of the fluid 
introduced , it will be nose to wait until a substance has been isolated 


Part II Hyperalgesia prom stimulation op cutaneous nerve 

TRUNKS 

The effects hitherto described are due to injury of the skin, they are 
not much contributed to by direct stimulation of small nerve branches m 
the slnn, for if that were so the effects developing after stimulating skin, 

* The ®h (natural or adjusted) of extracts of skin giving positive results has laned between 
the limits 5 8 and 7 8 Buffered solutions, prepared by using disodium hydrogen phosphate 
and phosphoric aoid to form an isotonic solution and of ps 5 8, 7 0 or 8 0, 
intradermally in doses of 0 02 or 0 03 c o into the same subjects, and gave little or no effect 
Occasionally there is a veiy slight sting directly after the injection and lasting for a few seoo 

° nly Extracts of skm of «h 7 5 and having freezing point depressions equivalent to 073, 0 9 and 
1 38 % sodium chloride have given the usual effects Injections of the same quantiUes (0 03 
c o ) of 1% and 2% sodium chloride are without effect , a 3% solution brings a slight sting af 

5 ° r potassimn ohlonde® O^^madewotomc with sodium chloride and injected in same quantities 
is without effect , a 0 6% solution gives stinging pain lasting 16 or zu sec , , 

Examine phosphate, 1 in 100,000, buffered with disodium phosphate ^ Pko^honc 
isotonic and of £h 7 0 to 7 6, when rejected re the same doses is followed by simple itching of the 

**“ Acetylcholine, 1 re 10,000, buffered to pH 6 6, isotonic, and used quite fresh, gives no effect 
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which has been locally anaesthetised, would be reduced appreciably or 
abolished I emphasise this fact here for the reason that I am about to 
describe experiments showing similar effects to be obtainable by stimulating 
nerves The two senes of experiments must be kept separate owing to the 
different ways in which hyperalgesia originates The more dramatic effects 
of this second senes should not be allowed to obscure the greater importance 
and more immediate relevance of the first senes to hyperalgesia arising 
pathologically Far a die stimulation of nerves is a wholly artificial procedure, 
injuries of the skm giving rise to wide areas of surrounding hyperalgesia 
are frequent events 


Faradisation of nerve trunks 

The nerve used has usually been the antenor branch of the external 
cutaneous nerve of the forearm shortly after it emerges from the deep fascia 
It is found by applying a faradic current to the forearm, moving the electrodes 
about until the characteristic fluttering along the course of the nerve is 
felt, as first desenbed by Trotter and Davies (14) The course of the nerve 
is followed up and down the forearm and marked for future use Now, 
in stimulating the nerve through the skm it is obviouB that some of the 
effects may be those of local skm injury as previously described, but 
preliminary observations showed that the application of a faradic current 
of a given strength produces much more profound effects when it is applied 
over a nerve than when it rests on skm only If it is desired to produce a 
widespread hyperalgesia it is usually necessary, in subjects susceptible to 
the production of hyperalgesia, to stimulate the skm for 5 mm Hyperalgesia 
as widespread can usually be produced m the same subjects by current of 
the same strength applied over the nerve for 1 minute Stimulation of 
the skm for 1 minute produces an oval patch of hyperalgesia of no 
great extent, stimulation a centimetre from the same point but over 
the cutaneous nerve produces hyperalgesia extending often throughout the 
whole of the nerve’s territory Faradisation for 1 nun , or in certain instances 
2 min , over the nerve, at the ourrent strength just necessary to evoke 
definite surrounding goose skm, has been the stimulus 

The hyperalgesia so produced does not differ m character from that 
previously described on page 377 The area involved may be less than that 
of the nerve’s cutaneous distribution or it may fill this distal territory com- 
pletely and very accurately, as shown by comparing the area with thatof 
diminished and lost sensibility after anaesthetising the same nerve Ihe 
proximal parts of the area usually tend to become hyperalgesic first and 
the distal areas to follow , sometimes a band of hyperalgesia has been noted 
withm and m the whole length of the nerve territory, a band which broadens 
later by lateral addition to it The hyperalgesia develops to its maximal 
degree and extent m about 10 to 16 minutes from the end of stimulation , 
it is maintained for 2 to 4 hours after stimulation lasting a minute, and after 
stimulation lasting several mmuteB it ib maintained till next day It is 
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frequently associated with a slight but distinct sensation of smarting m tlie 
skin, which may be brought into evidence or exaggerated by hght friction of 
the affected skin 

If the cutaneous nerve is mapped out and marked over 5 or more cm 
of its course, the effects of stimulating the nerve below and above a nerve 
block may be tested Accurate surface marking is necessary, so that the 


N 



Fig 4 (X I) Stimulation of anterior brancli of the external cutaneous nerve (N) through 
slan , nerve blocked below T L , left forearm, May the 8th 
0 nun The region of the nene was injected at A with 1 c c of 1% novocaine 
6 min Area of antestliesia and liyposesthesia fully developed and mapped out (dotted lme) 

8 mm Faradic stimulation at S, with coil at usual strength, for 2 mm , goose Bkm 
maintained in surrounding shin throughout The stimulus very painful locally 
and fluttering pam felt during the whole period along the nerve’s territory 
15 mm An area of hyperalgesia has developed around the point of stimulation and is 
charted 

17 mm The nerve block is recovering The area of hyperalgesia lias increased a little 
19 mm A little spontaneous burning felt around region of stimulation, but nowhere else , 
the nerve block has quite recovered and skin sensation m the corresponding area 
is perfectlj normal and remains so for the next hour of observation 

nerve can be ansesthetised witb small quantities of 1% novocaine and quite 
locally (the usual dose is 0 6 c o at a depth of 0 6 cm and 0 6 c c at a depth 
of 1 om ), and so that the faradic stimulus shall not fail to reach the nerve 
subsequently After a httle practice the experiments are done successfully 
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and without difficulty and a large senes has been earned out with remarkablv 
uniform results J 

The effect of nerve block below The nerve is stimulated through the 
skm, after it has been blocked 2 or 3 cm below the point of stimulation and 
the resultant anaesthesia is complete In every experiment of this kind the 
current has been continued for the full penod of 2 min Subsequently an 
area of hyperalgesia develops, as is to be expected, immediately around the 
point of stimulation (Pigs 4 and 6) , it usually develops completely before 



Fig 6 (X i) Stimulation of nerve through skin, nerve blocked above TL left forearm, 
Apnl the 28th The course of the anterior branch of the external cutaneous nerv e hnd been 
marked on the left forearm days before 

Omm The region of the nerve injected (at A) with 1 c c l%novocaine the needle being 
inserted where shown 

5 mm The resultant area of anaesthesia and hypoiesthcsia has full) dev eloped and is 
mapped out (dotted line) 

min Fare die stimulation at iS in line of nerve for 2 mm Current of usual strength 
goose skm throughout stimulation m surrounding skin The current felt os o 
slight local tingle , no fluttering along the nerve At the end of stimulation the 
area of anaesthesia and hypoaesthesia is unchanged in extent and degree 
26 mm The anaesthesia and hypoaesthesia hav e disappeared and a largo area of hvpemlgcsm 
has appeared (solid line) 

the nerve block recovers When this block clears away, no hyperalgesia 
is found to develop within the territory of the nerve’s distribution, and no 
smarting is felt there 

Although the sensonum receives painful impulses for a long period, 
no peripheral after-effect is discoverable if the pathway between the point 
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of stimulation and the periphery is blocked Thus, so far as the somatic 
nerves are concerned, the experiment provides evidence against the new 
that an imtable focus is set up in the spinal cord or m any other part of the 
central nervous system, and suggests that a peripheral mechanism is 
responsible for diffuse hyperalgesia arising out of nerve stimulation That 
this is actually so is proved by the next experiments 

The effect of nerve block above The place at which the nerve is to be 
stimulated being chosen, the skin is marked at the precise points on which 


1 



Fig 6 (X 1) Stimulation of nerve through akin , nerve blocked below: A J.H, left forearm, 
Apnl the 29th Anterior branch of external cutaneous nerve, sending out a branch to the 
right in the diagram The nerve was blocked near the ongin of the branch, and was 
stimulated with the usual current for 2 mm at S through the skin The current was verj 
painful, being felt both locally and in the distribution of the nerve Dotted line is area of 
amestliesia and hypoteStliesia from the nerve block The solid line marks the full area of 
hyperalgesia, which developed subsequently 

the two electrodes must he for the stimulation to be effective The points 
should be marked hours or days beforehand, and checked at the time of 
observation by putting the electrodes in place and turning on the current 
for an instant only The nerve is now anaesthetised 2 or 3 cm proximal to 
the chosen point , stimulation is begun when ansesthetisation is complete 
and the area of defective sensibility has been marked out on the skm When 
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the nerve has been blocked successfully no flutter and no pain is felt along 
its distribution during the stimulation The current may not be felt at all, 
but more usually a little tingling is perceived at the pomt where it enters the 
skin , stimulation is maintained for 1 or 2 minutes at the standard strength 
When the nerve block recovers, 15 to 60 min after stimulation has been 
completed, hyperalgesia is found filling the whole or a large part of the area 
already mapped out as that of the nerve’s distribution (Figs 5 and 7) In 
its extent this distal area of hyperalgesia is equal to, or sometimes a little 
smaller than, that given by control stimulation of the unblocked nerve, and 



Fig 7 ( x i) Stimulation of nerve through skin , nerve blocked above A J H , left forearm. 

May the 8th Same nerve as shown m Fig 6 The nerve was blocked near the origin of the 
branch It was stimulated for 2 min at S through the skm , only a tingle and that slight, 
was felt at the electrodes The dotted line maps out the anaesthesia and hj-poffistbes.a from 
the nerve block The solid line marks the full area of hyperalges.a, which developed 


The area of hyposslhesia lay along the radial border of the arm and the difference m 
relations to the nerve m this and the preceding diagram is partly due to varying error 
transferring the outline from the curved to a plane surface on the two occasions 


its 

in 


it is greater thau the area of hyperalgesia obtained m a second control in 
which the skm is stimulated close to but not over the nerve The hyperalgesia 
following stimulation of the blocked nerve is of usual intensity and duration 
iTthis experiment the point at which the stimulus is apphed lies well 
within the proximal part of the area subsequently showing hyperalgesia 
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(Fig 7), and it will be obvious that this proximal part of the area may be a 
lesponse to cutaneous damage rather than to direct stimulation of the nerve 
To differentiate between the extent of the two forms of response, the control 
stimulation of skin is used for comparison, as previously indicated A 
different method may be used, namely, stimulating the nerve directly and 
not through the skin 



Fig 8 ( X •£) Direct stimulation of nerve, nerve blocked above T L , left forearm. May the 
22nd The antenor branch of the external cutaneous nerve 

The stimulating needle was inserted through the skm at S2V, to reach the nerve m the 
region of the arrow jS 

0 nun Region of nerve mjeotod at A Stimulating eleetrodo tested 

4 nun Nen o block fully developed , area of amosthesia and hvpotesthesia mapped out 
(dotted line) 

7$ min Nerve stimulation begun and continued for 2 mm Stimulation not felt , no 
goose skm 

15 mm Nerve block beginning to recover 

30 mm A diffuse but distinct burning is felt approximately m area of skm covered bj the 
nen e Nen e block recovered , the skm is now hyperalgesic 
39 mm Area of hyperalgesia (solid line) fully dev eloped The mapping out of hyperesthesia 
and subsequent hyperalgesia were regarded at the time ns being unusually precise 

Dvect stimulation of nerve hunks A fine hypodermic needle is thrust 
i cm through the skm over the hne of the nerve , a fine enamelled copper 
wire is passed down the needle to a marked pomt, which ensures that the wire 
just projects from the end of the needle This forms one electrode, and the 
second is formed by a broad contact on the dorsal surface of the same forearm 
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the antesthetio takes effect When the latter ha. happened the“™r« 
proceeds as m the case of nerve stimulation through the »kiji The faradic 



Fig 9 (X J) Direct stimulation of nerve, nerve blocked abpy e BH, J ett forearm Mat the 
22nd The anterior branch of the external cutaneous nerve 

Stimulating needle electrode inserted at SN to stimulate nerve at S Nene injected 
m region A with 1% novocaine The nerve stimulated, after the nerve block was complete 
for 2 nun , a little local tingling alone felt The solid line shows the area of hyperalgesia 
developing after the nene block recovered 

current is passed for 2 min , it may give a very little tingle locally, or maj 
not be felt at all When the nerve block recovers, slight but distinct smarting 
of the akm ib sometimes felt, and the greater part or the whole of the area 
of the nerve’s distal distribution is always found to be hyperalgesic (Fig 8 ) 
But m this experiment hyperalgesia does not widely surround the electrode 
on all sides as it does when the skin has also been stimulated (compare 
Figs 8 and 9 and Fig 7) , and frequently the whole area of hyperalgesia 
lies at a distance from the stimulated point (Fig 9) 
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Part HE Hyperalgesia prom stimulation of small nerves, etc 

The 5th cranial nerve 

In three subjects tenderness in the skin bas been produced by stimulating 
the mucous membrane of the lower bp within the mouth A faradic current 
is employed at painful strength and is passed through twin electrodes for 
2 or 3 min This stimulation is followed by a sense of slight but distinct 
burning m the lip Hyperalgesia begins to be distinct m about 16 mm 
from the beginning of stimulation and develops during the next 16 mm 
Its extent is variable, but it includes the whole inner surface of the lower 
lip and may involve the whole of the corresponding skm with the skin of the 
ohm , but the effect has not been observed to spread across the middle line 

The following observations upon the maxillary antrum have been 
carried out on myself only Twenty years ago the left antrum became 
infected and was cured by draining it into the nose through a hole out in the 
lower part of its inner wall A curved probe can still be passed easily into 
the cavity and its interior explored Contacts give no sense of touoh, but of a 
little uncomfortable soreness, like that experienced from the rest of the nasal 
mucous membrane The discomfort is felt diffusely in the left side of the 
face , the contacts cannot be located accurately , thus, it is impossible to be 
sure from subjective sensation whether upper or lower, outer or inner, wall 
is being touched The cavity of the antrum has been explored and stimulated 
repeatedly with suitably curved electrodes When the electrodes are 
directed towards the lateral and lower parts of the antrum the current 
flows into different dental branches of the infraorbital nerve and gives nse 
to characteristic painful aching in different teeth A strength of ourrent 
easily tolerated on the tongue is barely tolerable over the nerves within the 
antrum , it has been used at this strength Over simple mucous membrane 
stronger current has been employed The current is passed in any 
experiment for about 3 mm 

When stimulation ends, nothing unusual can be felt and sensation m the 
skm of the face is quite unchanged , sometimes a patch of numbness is found 
for a time upon the front part of the palate About the 8th to 10th 
min ute a little burning comes in the region of the left malar process and m 
the lower eyelid The lower eyehd, and a little later the malar region, 
are the first parts to exhibit Boreness and here soreness continues to be most 
conspicuous The degree and extent of hyperalgesia increase, most of the 
cheek is mvolved, a little of the temple, the ala of the nose, and m a minor 
degree the whole of the skm of the upper lip The hyperalgesia reaches its 
height m about 40 to 60 nun from the beginning of stimulation , it continues 
until next day, but is then diminishing , the slight burning is felt for hours , 
it is exaggerated by touching the face The slow development and long 
duration of the hyperalgesia are remarkable The area mvolved is shown 
m Fig 10, it corresponds to the whole cutaneous distribution of the 
maxillary division of the 6th nerve It has never extended to the first 
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or third division, of the 5th nerve nor to the opposite side of the face 
Tenderness of palate, and mucous membrane of gums or bps within the 
mouth has not been found, but the exposed mucous membrane of the hp 
becomes a little sore A little soreness of the eye, reminiscent of similar 
soreness complained of in influenzal colds, may be experienced when the 
eyes are moved, but this is unusual The distribution of burning and of 
soreness, their time and order of onset, and their duration are the same, 
whether the nerve to the incisors or to the molars or whether the mucous 
membrane is stimulated, provided the stimulus is adequate 



Fig 10 A diagram of the face showing the area of hyperalgesia developing on stimulating the 
mucous membrane or dental nerves within the left m axillary antrum 

Sometimes during the reaotion the left malar process acquires a shghtly 
greater flush than the right one, but the effect is inconspicuous, and I have 
been unable in very careful tests to determine any definite and constant 
rise of temperature in the cheek 

It has happened twice, since these experiments on the antrum have 
been done, that I have acquired a simple nasal catarrh As is usual on such 
occasions the secretions of the nose are a little increased for a day or two, 
and a little muco-pus accumulates on the left side, but left side only I 
nfignmo that this muco-pus is associated with spread of infection to the left 
antrum This catarrh is accompamed by a httle sense of burning in, and 
hyperalgesia of, the facial skm on the left side, a phenomenon with which 
I have long been familiar both m my own case and in the case of patients 
with antral infection But these two recent attacks have allowed a 
close comparison between the cutaneous effeots of infection and of faradio 

stimulation They are indistinguishable ^ 

These effects from the maxillary antrum illustrate important points 
Firstly, local irritation within the territory of a nerve of considerable size, 
may induce tenderness over the whole field of this nerve s distribution , 
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the failure of the tenderness to appear beyond the distribution of the middle 
division of the 5th nerve may possibly possess special significance, but here 
it should be remembered that the strength and duration of stimulation has 
been limited Other instances of the type of spread described in the 
maxillary nerve, will be described almost at once m the nerves of the hand 
Secondly, such effects may arise not only under the artificial and painful 
stimulus of faradiem, but from painless irritation or damage caused by 
infection , this is of special importance from the pathological standpoint 
Thirdly, the effects are shown to spread from mucous membrane to skm , 
thus, they are not to be regarded as merely of cutaneous ongin 

Small nerves of the hand 

These observations on my antrum, which seemed to show that hyperal- 
gesia may spread from a small branch of a nerve to the whole territory of the 
nerve, suggested further experiments on the nerves of the hand For here 
in virtue of the clefts between the fingers a small nerve to one finger is 
con vemently separated from the nerve to an adj oining one When stimulating 
one nerve there can be no question of spread of current to the other and any 
spread of hyperalgesia must be conveyed up one finger and down its 
neighbour, a minimal path, which may be measured The experiments have 
been carried out repeatedly on the same or different nerves of my own hand 
and that of A J H , with uniform results 

Ulnar area The first nerve twig used was the digital nerve running 
on the radial border near the palmar surface of the little finger This nerve 
is easily found with a faradic current and stimulation of it gives a sense of 
painful fluttering to the tip of the finger Stimulation for 1 or 2 minutes 
at a strength giving considerable pain yields subsequent numbness of the 
little finger along its radial surface from the point stimulated to its tip 
Hyperalgesia follows, and this spreads in about 10 or 15 min up to the web 
between the 4th and 6th fingers, and in a half hour may extend along the 
ulnar surface of finger 4 to its tip Such hyperalgesia lasts several or many 
hours If stimulation is continued for 5 or more minutes, the current 
strength being raised as stimulation proceeds, hyperalgesia develops over the 
whole distribution of the ulnar nerve to the hand First it involves, in the 
manner described, the adjacent surfaces of the 4th and 5th fingers The 
next area involved is usually the dorsum of the hand, but it may be the ulnar 
side of the little finger Full development occupies 30 to 50 minutes The 
hyperalgesia is much less prominent on palmar surface than on dorsal surface 
of hand and finger, but it is sometimes quite distinct on the former The 
hyperalgesia is in all respects of the type already described and it is 
accompanied frequently by a sense of warmth or of actual shght smarting 
both m the fingers and m the back of the hand This little sense of burning is 
increased or brought into evidence wherever the affected surface is gently 
rubbed When occupying the whole ulnar area hyperalgesia often lasts 
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for 24 or more hours These experiments on the ulnar nerve area are 
illustrated m Plate Figs 18 and 21 

The point at which the digital nerve can be stimulated with certainty 
may be marked on the skm and the ulnar nerve anaesthetised at the elbow- 
before stimulation begins This allows stimulation to occur painlessly 
and the current may be increased in strength and duration When the nerve 
block recovers hyperalgesia of the ulnar area is fully displayed and is 
conspicuous and sharply defined The experiment has been done three 
times on the two subjects, and the result is in accord with the effects of 
blocking a nerve trunk above the point of its stimulation The mechanism 
is again shown to be a local one , and the area of hyperalgesia is shown to 
correspond closely to the areas over which the ulnar nerve is distributed 
(Figs 18 and 21) 

Strong stimulation of the nerve on the inner side of the 4th finger 
has given hyperalgesia of the whole ulnar area, with some hyperalgesia of 
adjacent surfaces of fingers 3 and 4, presumably by spread through the 


median territory 

Diffuse hyperalgesia, followmg stimulation of the digital nerve through 
the skm is in part the result of local injury to the skm, and m part the result 
of stimulation of the nerve twig This is shown to be the case by two further 
observations Firstly, the skm of the little finger ib stimulated near to but 
not actually over the digital nerve, after local ansesthetisation of the skm , 
the current used is the usual strong current, but is quite unfelt , the nerve 
is not anaesthetised, but lying a little way off is also unaffected by the current 
Hyperalgesia may subsequently develop over the whole ulnar area, and may 
be of full intensity and duration, but it is usually of decidedly less extent, 
less intense, and is of relatively short duration The result is the same if 
no local anaesthetic is used This observation corresponds to those recorded 
m Part I Secondly, the digital nerve is stimulated by means of the 
subcutaneous electrode described on page 390 In this case the current used 
is much weaker, it is used at a strength giving strong fluttering to the tip 
of the finger with little or no element of pain , nothing should be felt m the 
skm where the electrode lies Stimulation of this land of 4 or 5 mm duration 
gives full hyperalgesia m the ulnar area subsequently 

Radial area Stimulation of branches of the radial nerve through the 
skm similarly give rise to areas of hyperalgesia extending over the whole 
territory of the radial nerve, although the nerve twig actually stimulated 
supplies but a small part of the territory [see Figs 1 9 and 20 and accompanying 
notes) The effects of control stimulation of the skm have been tested and 

found similar to those stated for the ulnar area 

Median area Prolonged stimulation of the inner side of the index 
finger has given subsequent hyperalgesia of the dorsal surfaces of the Is 
to 3rd fingers and of the radial side of the 4th finger, as illustrated m Fig -1 
It is less distinct on the palmar surfaces of the fingers, though these may bo 

affected too 
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Comment The mam comment to make at this stage is upon the length 
of the paths through which the stimulus must travel to render distant slnn 
hyperalgesic It is clear that after stimulating the middle of the 5th finger, 
the impulses must pass for about 4 cm up the 5th finger and a distance of 
7 or 8 cm down the 4th finger The change in the skin responsible for 
hyperalgesia is undoubtedly produced through nervous channels and it is 
certain that the mechanism is purely peripheral and does not mvolve the 
central nervous system It may be considered on the basis of the paths 
being collateral axons If we discuss conveyance only through the known 
anatomical paths, then the impulses must pass to the dorsum of the hand from 
finger 6 through the palm of the hand to a point a little distance above the 
wrist, with descent through the dorsal branch of the ulnar nerve The 
upward path cannot be much less than 16 cm , though the downward path is 
less This is of course a minimal statement of the possibilities The whole 
cutaneous distribution of the ulnar nerve is often involved in hyperalgesia 
But this ulnar cutaneous territory is limited , if the nerve supplied skm of 
fore or upper arm in its course, these areas might be involved also Moreover 
it is conceivable that stronger and longer stimulation might even cause 
spread to other branches of the brachial plexus Briefly, the extent to 
which spread can happen is still unknown, but the paths we are already 
forced to consider are of remarkable length 

Past IV The nervous mechanism of the hyperalgesia 

In the preceding pages three types of experiment have been described 
in each of which a distant state of hyperalgesia is produced , it is produced 
m one case by injuring the skm , m a second by stimulating the cutaneous 
nerve trunk , and m a third by stimulating a small branch of a cutaneous 
nerve The distant effect m all three instances appears to be the same m 
essence Hyperalgesia is provoked m a wide area of skm within or actually 
filling the cutaneous nerve territory mBide which the stimulus falls The 
hyperalgesic state m all three instances is mdependent of ohange mduced 
m central nervous system or m the mam nerve trunks , for m all it occurs 
when a barrier is set up between these nervous structures and the periphery 
In all three instances the hyperalgesic state is produced through a looal 
nervous mechanism Because there is this m common, and because m all 
instances the hyperalgesia is of one kind, bemg associated with the sense 
of a little smarting m the Bkm, developing slowly, having a like distribution 
and a common order of stability, outlastmg the passage of the original nervous 
impulses for long periods of time, I conclude that the system of nerves mvolved 
is the same m the three forms of reaction, and that, whether the original 
nervous impulses descend directly to the periphery, or first ascend and then 
descend, the same effector mechanism is called into play and establishes 
m the skm the same process or state This conclusion is ra my view inevitable, 
and I shall proceed on its basis to discuss the kind of nerves that are concerned, 
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and the more intimate aspects of the process by which hyperalgesia is 
induced 

The nerves concerned 

The arrangement of the nerves within the shn When hyperalgesia 
mis the whole territory of a cutaneous nerve m response either to a small 
and local skm injury, or to a stimulus applied to a nerve twig running to a 



Fig 11 (x 2/3) Crush placed eccentrically over aniestbetised akin A JJH , July the 18th 
A circular area o£ skin (An) is aniestbetised by mtradermal injection of 1% no\ocaine 
The area of analgesia is mapped out and it is noted that there is no surrounding hyperalgesio 
akin 2 min later 

0 mm A tiny piece of skm (indicated by a dot) lying within but near the distal margin 
of the anffisthetised area is crushed The crushing is painless 

3 mm The area of analgesia is receding at its margin , it still just includes tho crushed 
skin An area of hyperalgesia has appeared and gradually extends to the contours 
marked by corresponding times 

7 mm The crushed skm is now just outside the area of receding analgesia 
10 mm HyperalgeBia Btdl extends there is still a bamer of analgesia between the crush 
and the proximal skm in winch sensation is normal 
16 mm The injected skm has almost reco\ered and by 20 mm has completclv reeoi ercd 
hyperalgesia now surrounds tho crush wideh m e\ery direction 


small area of skm such as one side of the end of a fingei, the hyperalgesic 
state is piovoked from a small territory to appear m a much larger one 
As we have concluded that this provocation occurs through nervous channels 
it follows that nerve paths must connect the small territory to all parts of 
a much larger territory Thus we are biought to conclude that the skin 
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possesses a system of nerve fibres connecting every part with almost every 
other part -within the territory of a given cutaneous nerve This conclusion 
holds, whether we conceive a system of simple branchings and rebranch- 
mgs, or a network In either case, if we accept the view that a nerve 
impulse is confined to the nerve fibre through which it is travelling, and 
cannot be conveyed to a parallel fibre m mere contact, we shall think of a 
movement of impulses from their origin to their destmation through a 
complex and brandling system of axons 

In considering experiments in which the impulses are derived from a 
small area of damaged skm, it can be shown they are at first conveyed in 
nerves lying within the skm itself This is shown particularly well by using 
the tiny crush as the source of impulses If the skm is first anaesthetised 
by an intradermal injection of 1% novocaine about 1 cm in diameter, and a 
tmy piece of skm is crushed m the middle of this, the appearance of 
surrounding hyperalgesia is delayed, as has been related, until the anaesthetised 
skm recovers, which it does first at its margin and eventually at its centre 
If the crush is put down eccentrically, the anaesthetised skm m recovering 
soon recedes from the crush About the time when this happens the first 
area of hyperalgesia appears , it comes on the side where the crush lies and 
enlarges, but for a time it does not invade the skm at the ends or on the far 
side of the barrier , and the full area of hyperalgesia does not develop until 
this barrier has wholly disappeared This phenomenon has been witnessed 
m very many deliberately planned observations on two subjects of which 
Fig 11 is an illustration , and a similar phenomenon has been seen in a 
number of other instances in which a large barrier of looal anaesthesia is put 
down, the crush being piaced on sensitive skm quite near to it (Fig 12) 

It does not matter m placing the orush eccentrically whether it hes within 
the proximal or the distal margin of the anaesthetic area Similarly it is a 
matter of indifference on which side of an anaesthetic barrier the crush is 
placed on sensitive skm , and it makes no appreciable difference whethei 
the barrier is in the length of or across the arm Almost invariably, the 
anaesthetised skm acts as a complete barrier to the spread of hyperalgesia 
beyond it, and limits the spread even on the side of the crush But, if the 
crush is put down 1cm or a httle more from the barrier, then the bamer 
is much less effective or is without effect, hyperalgesia appealing beyond 
it from the start or after a httle delay (Fig 13) These experiments, taken 
as a senes, indicate the kind of arrangement that the nerves mvolved possess 
They tend to indicate that these form arborisations rather than networks , 
otherwise there would be mvanable spread along and around the margins of the 
bamers If we picture nerve axons forming finely branching rich end-plexuses, 
the latter lying mainly or entirely within the skm, and the parent axons deeper 
and themselves running into common subcutaneous stems, the system would be 
adequate to explain the relatively uniform affection of the skm and the diffuse- 
ness of hyperalgesia, the gross interference caused by near mtracutaneous 
barriers and the smaller interference caused by more distant barriers 
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Fig 12 (X 2/3) Crush near anaesthetic bamer T L , July the 18th An area of shin is 
anaesthetised by intradermal injection of 1 % novocaino The area of analgesia is mapped out 
(An) and it is noted that there is no surrounding hyperalgesia 2 min later 
0 mm A tiny area of skm ( Or) is now crushed just proximal to the barrier of anaesthetised 
skin , it causes pain 

20 sec The first patch of hyperalgesio skin is defined , it is confined to the proximal side 
of the bamer and gradually enlarges to fill the contours marked bv corresponding 
times 

12 mm The injected skm is recovering sensation at its margin 

43 mm The injected skm has almost fully recovered and as the bamer breaks down, 
hyperalgesia begins to Burround it 

65mm The injected skm is normal again, and hyperalgesia has developed fullv and 
surrounds the crash widely in even direction 

Fig 13 (X 2/3) Ansesthetio barrier and distant crush A J H., July the 22nd l%novocnmo 
has been injected to form a short bamer of anaesthetised skm (An) across tho arm and after 
the lapse of several minutes the surrounding skin when tested is found to be normal 
0 mm A tmy piece of skm ( Or) is now crushed 1 cm awav from the bamer 
2 min An area of hyperalgesia has developed and is shown in the corresponding out line 
It extends a little way around, but does not surround, tho bamer 
6 mm Hyperalgesia is now extensive and everywhere widely surrounds the bamer 
Tested, the bamer is found to be recovering at its margins, but its centre! part 
is still fully analgesic 

8 mm Tho hyperalgeBia has reached its full extent , it remains unchanged nfter the 
rccoverv of tho bamer nt 15 min 





400 


THOMAS LEWIS 


The effector mechanism Of the structure and anatomical connections 
of the effeotor nerve endings concerned we have no direct knowledge, but 
there are indications pointing to what takes place in the skin In studying 
the hypeialgesia following injury of the elan, it was concluded (the conclusion 
was drawn for faradic injury, but is equally applicable to the crush) that, 
while the distant effect is set up through local nervous channels, its mainten- 
ance does not require the continuous flow of these nervous impulses 
That they do contmue m ordinary cncumstances does not here concern us , 
the point is that their passage soon induces a certain state in the distant 
skin and that this, once started, develops and continues for long periods of 
time as a relatively stable affau, being to this extent independent of the 
original injury The foims of lesponse to nerve stimulation best known 
to physiologists aie transient, subsiding at once 01 shortly after the nervous 
impulses cease to flow , such lesponses must depend upon reversible or 
unstable effector processes The long diu at ion of the reaction here studied 
strongly suggests that some such process as the release of stable chemical 
products at the effector endings of the nerves concerned The hyperalgesia 
arising from stimulation of the undivided neive trunk must be regarded 
as pioduced similarly, foi it is hyperalgesia of the same remarkably stable 
land Moieover, foi tins nerve trunk stimulation, there is clear evidence 
that there is no durable change at the point of nerve stimulation, which 
maintains an mfluence upon the skin , for nothing develops in skin that is 
guarded by peripheral neive block throughout the actual period of nerve 
stimulation, when that block is released While thinking about this problem 
I addressed an enquiry to Piofessoi Foerster of Breslau, asking linn if, m 
his many observations upon stimulation of postenoi roots and of outaneous 
neives in man, his patients evei complained of burning pain in the slon 
To my great inteiest he has replied that this occurs fiom time to time, and 
he has referred me to an early publication ( 1 ) in which he has recorded it 
It is to be remembered that his stimulation is not of nerves in continuity 
but of the distal ends of cut nerves, and thus the pam path from the affected 
region is broken Foerster, in speaking of the pam, which nevertheless occurs, 
records the additional fact that it is abolished by section of the nerve that, 
overlappmg, supplies the same territory He interprets this to mean that 
neive impulses passing to the penpheiy in one nerve aie transferred to 
the overlapping nerve through some form of common end-appaiatus I 
t.bmk it probable that it is due to a peripheral action of the stimulated nerve 
on the tissues supphed, liberating substances, and that these act on the pam 
leceptors of the overlapping cutaneous nerve 

The system to which the nerves belong Hyperalgesia such as we are 
discussing may reasonably be conceived to be the ultimate result of a 
reduction in the threshold of sensory neives subserving pam , but such a 
conception should not be allowed to mislead us into believing that pam nerves 
form the system through which the local state underlying hyperalgesia is 
provoked Consideration will indeed show that the nerves m question 
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cannot be those concerned with the conveyance of pam impressions from the 
skin, for these, as is indicated by observations recorded m an appendix, are 
accurately located by the subject, which could not be the case if the corres- 
ponding impulse entered a system of branching axons connecting to a wide 
area of skin The idea that hyperalgesia may result from painful impulses 
referred through a sensory nervous apparatus to a wider peripheral temtor\ 
would be easier to hold, if such reference was thought to happen m the central 
nervous system Such an idea may be fruitful m relation to visceral pam , 
but a reference m the central nervous system m the case of the diffuse 
cutaneous hyperalgesia considered here, has already been disproved Tlic 
fact is that the cutaneous pam nerves merely register, through sensations 
uhich we call hyperalgesia, a state of skm for which they themselves are m 
no way responsible But the argument that, because painful cutaneous 
stimuli can be located by the subject, the pam nerves are not responsible 
apphes also to the nerves subserving touch, and the appreciation of cold and 
of warmth , for impulses conveying these impressions are all located 
subjectively, if not with equal, yet with sufficient, precision (see page 4U) 
Thus it seems clear that the sensory nerves can be dismissed There remains 
the sympathetic nervous system, a system, incidentally, which is known to 
provide plexuses or networks of fibres in the skm 

Yet it is to be said at once of the sympathetic nerves that these too are 
not concerned, for diffuse hyperalgesia is observed in skm completeh 


deprived of them 

This investigation was first earned out upon a patient from whom the 
nght mfenor cervical and 2nd dorsal ganglion uere excised 7 years ago 
Reinvestigated, this patient displays no sign of sympathetic mnenation 
below the right elbow, sweating and goose skm reactions being absent and 
the vessels of the hand taking no part m general vasomotor reactions A 
strong faradic current apphed symmetncally to the fronts of the tv o forearms 
gave local goose skm on the left but none on the nght side , on both sides 
hyperalgesia developed and spread m the usual way and equally (Fig 14) 
Similar and equal reactions were obtamed on this patient’s skm m respon-e 
to tiny crushes of nght and left forearm Corresponding obsen ations Imi e 
subsequently been earned out, using the crush as stimulus, upon two other 
patients presenting unilateral sympathetic nerve degeneration, and ha\o 
given equally decisive results Thus we are brought to exclude all he 
recognised nerves of the skm, first the sensory nen es and now the sympathetic 
and to consider, in explanation of the phenomena observed, the possi i i l 
of a hitherto unrecognised system That the sensorj and sjrnpa ic ic 
nerves form the complete cutaneous supply is an idea for which there is no 
sure foundation We have come to recogmse given systems of nenes In 
their manifestations , first the sensory nerves because they vere found to 
convey sensory impressions to the brain, and afterwards the xasomotor 
pilomotor, and sudorific nerves, as changes m blood supply, erection o mi «, 
and sweating, became recognised as under the governance of ‘-ep i 
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systems It will be evident that any system of nerve fibres, which in the 
exercise of its function gives nse to no obvious and distinctive external 
manifestations, will tend to escape recognition The fact that the system 
of nerves, which I conclude to be present, is at present unrecognised is no 
argument against its existence , the need to postulate a new system of 
nerves has arisen to explam hitherto Unrecognised phenomena The nerves 
of this system are at present unnamed Because they are associated with 
local defence against injury I propose to call them the “ nocifensor nerves ” , 
the defence that I have primarily m mind in justification of this term is the 
protective hyperalgesia that has here been studied , but I also have in mind 
the possibility of other protective mechamsms to be described a httle later 



Fig 14 (X f) Faradio stimulation and hyperalgesia after sympatheotomj Misa H., July 
the 7th The skin on the front of the lower part of each forearm was faradised for 1 min , with 
current of usual strength The nght arm (right hand diagram) showed no local goose skin , 
the cervical sympathetic ganglia had been removed on this side several years previously The 
left arm Bhowed widespread local goose skin during equal stimulation On both sides the skm 
developed a flare and wheal (W) Surrounding hyperalgeBia developed equally on the two 
arms The areas were mapped out at the 7th and 19th mm , in each case, by stroking the 
skm gently with a blunt point, the blindfold patient responding when hyperalgesio skm 
was reaohed 

Part Y Inciden tal observations and speculations 
The mam observations and conclusions that it seems desirable to stress 
are incorporated in Parts I to IY of this paper In proceeding to describe 
certain incidental observations, and in discussing the relation of the newly 
discovered system of nerves to other manifestations, some of which have been 
recorded previously, it is to be understood that we are treading upon less 
certain ground and that much of what is to be said will be speculative 

Relations between widespread hyperalgesia and “ erythralgia 
In previous studies of the vasoular reactions of the skin to injury in this 
laboratory, we came to the conclusion that injuries give rise to a common 
reaction, which we termed the “ triple response ” and attributed to the 
release m the skm of “ H-substanoe ” from the cells of the skm This triple 
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response comprises local reddening, local wheahng, and a widespread arteriolar 
“ flare ” produced through a local nervous mechanism , it is almost always 
associated with itching of the skin 

In more recent observations in conjunction with Hess (6), I have mvesti 
gated a further and usually a delayed result of cutaneous injury, namely tho 
appearance in the injured skin, generally after the subsidence of wheahng, 
of a cunous state , theskm actually injured becomes as we termed it “erytliral- 
gic,” being deeply reddened and very hyperalgesic The threshold of the 
pain nerve endings in this skin is much lowered , friction gives rise to 
unpleasant burning pam, so does warming the skin to points (40 °C or less) 
that normally are painless , another and remarkable peculiarity is that 
while friction is immediately and transiently painful, it is followed by a 
second burning pam after a latent period Now these facts are important in 
their relation to the observations discussed m the present paper, and those 
who desire a full insight into the present work should become familiar -with 
them According to my experiments with Hess, the hyperalgesic state of 
erythralgic skin is originally due to the hberation of a pam producing 
substance from, and into, the skm where thiB is injured, the Bubstance 
presumably acting upon and lowermg the threshold of the local pam nerve 
endings According to these experiments, too, the latent pam following 
friction results from the release of more pam producing substance The 
rapidity -with which the erythralgic state follows mjury depends, as we 
showed, upon the kind of mjury to which the skm has been submitted , 
very severe mjury may bring it within a few seconds or minutes, milder 
injuries of the right land only after hours According to the land of mjury, 
the pam producing substance is released rapidly or very slowly from the cells 
It should not escape notice that m drawing the conclusion that injury 
can release a pam producing substance from the skm, Hess and I were 
postulating a substance other than the “ H-substance,” whioh is responsible 
for the reddening and wheahng of the more acute stage There is room for 
interesting speculation as to what controls the release of different substances 
that seem to form the basis of different responses 

Enquiry is certain to be fruitful which searches the relationships between 
the erythralgic condition of Bkin, which has actually been mjured, and the 
widespread hyperalgesia, which has been discussed in this paper , the 
following new experiments on freezing emphasise this statement 

In these experiments the skm is frozen m one of two ways, namely, 
by applying a copper bar at — 16°C for 15 or 20 sec , as was done by Lewis 
and Love (7), or by applying a rod of compressed C0 2 snow for two or three 
periods of about 5 sec each Both methods give superficial freezing, but 
the freeze is harder when C0 2 snow is applied owing to the much lower 
temperature reached , it is apphed repeatedly for short periods to obtain 
adequate damage without deep penetration 

The milder freezing at — 15° is followed by wheahng of the skm and 
itching, the swelling subsides and the skm jemams reddened but not 
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tender (Fig 15 and protocol) In about 20 to 24 hr this same skm swells 
a little again, smarts a little, and is found to be eryfchralgic m the full sense 
already explained The erythralgia lasts for several days and from the time 
of its development to within a few hours of the time of its disappearance, 
a surrounding area of skm is slightly but definitely liyperalgesio (as described 
for faradism on page 377) Thus, there is conspicuous hyperalgesia with 



Fig IB (x j) Hyperalgesia following a freeze T L , May the 13th 

0 mm A square area of skm on the back of nght forearm frozen at - Io°0 for 16 sec 
3$ min Itching and whenkng has started 
8 min Full wheal, itch gone, no hyperalgesia 
10 44 mm No change No hypersensitivity to oopper at 40°C . 

6 hr Wheal almost gone No hyperalgesia nor hypersensitivity to heat 
18 hr The area frozen and some surrounding skm is tender to touoh and the former 
hypersensitn e to heat 

20 hr Hyperalgesia more distinct, its area outlined , it runs distally along a lai-ge \ ein t> 
(the margins of winch are indicated by dotted lines) 

26 hr Hyperalgesia fully extended (see outline) Frozen skm i eiy tender, burning when 
rubbed lightly, and hypersensitn e to heat 

2 and 3 days Hyperalgesia decreasing Frozen area still sore and lij persensitive to heat 
4 days No surrounding hyperalgesia Veiy slight tenderness of frozen skm, but no 
detectable hypersensitmtj to heat 
6 days No hyperalgesia nor hypersensitmtj to heat 


obvious lowering of the threshold of the pam nerves to warmth m the area 
of damage, and there is a hyperalgesia of muoh lower grade, scattered over 
a wide area of surrounding skm * 

If the freeze is the more severe one produced by C0 2 snow (Fig 16 and 
protocol), then the itching of the initial stages is replaced bj r smarting or 
burning, the injured skm becomes erytkralgic within about 20 minutes, and 
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this state lasts from 2 to as much as 6 days, during winch it is the rule for the 
skm to bhster * Simultaneously hyperalgesia appears over large areas of 
surrounding skm and contmues as many days as the erythralgia lasts 



Fig 10 (X i) Hyperalgesia from freeze A JH, Hay the lGth upper left forearm 

0, H and 6 nun 3 short (5 see ) freezes with CO, snow of a oiroular patch of skm of 
forearm (F) 14 mm across 

13 min Full wheeling (TV), extending a little beyond the frozen border, slight burning 
17 mm A good deal of local burning felt, area of hyperalgesio skm has recently developed 
and is outlined 

19 to 26 mm Gradual and wide extension of hyperalgesia , the area of whealmg has become 
hypersensitive to copper at 40° 

80 and 160 mm Areas of hyperalgesia and central hypersensitivity to heat unchanged 
Slight spontaneous burning 

5 hr Hyperalgesia diminishing in extent Wheal still hypersensitive to copper at 40° 

24 hr Hyperalgesia diminished to the 17 mm outline of yesterday The central area 

lias blistered (11 hr ) and is still hypersensitive to 40° 

6 days Hyperalgesia less intense but present, damaged skm still hypersensitive to heat 

and sore and burning when rubbed 

7 days Soreness and hypersensitivity to heat gone No hyperalgesia in surrounding skm 


* Attention has been called previously to the fact that burning pain in the stage of thaw 
means that tho skm will blister 
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What is here emphasised is that different grades of freezing display 
a clear relation between the development and maintenance of central 
erythralgia and of surrounding tenderness The relationship is not peculiar 
to freezing hut is encountered in the other forms of injury that have been 
investigated , it is almost certainly an important one The speculation 
arising out of it is that the substance locally released by injury may be 
responsible on the one hand for a local lowering of the threshold of the pam 
nerve endings by acting directly on these endings, and that it, or possibly 
some associated substance, may be responsible on the other hand for distant 
hyperalgesia by an action through the nocifensor nerves 

It may be said, incidentally, that the small area of skm directly damaged 
by faradism 01 by crushing, as described earlier, is painfully sensitive to 
warmth I use for testing the skm a mass of copper, having flat surfaoes 
of suitable size for application, and kept warm m a bath of water at 40 °G 
Another example which must now be mentioned is barium chloride A 
0 6% solution of this substance injected mtradermally (in doses of 0 02 c c ) 
gives burning pam at the site of injection, coming almost at once Hyperal- 
gesia develops in the surrounding skm within two or three minutes and about 
the same tune the site of injection is found hypersensitive to warmth This 
action of barium chloride* is interesting because the injury may be interpreted 
as due primarily to precipitation of the sulphates within the cell, thus 
rapidly upsetting cellular equilibrium The hypersensitivity to warmth 
however is in this instance short lasting, while the hyperalgesia of surrounding 
skm may persist for hours This forms an additional reason for mentioning 
barium chloride, the use of which while again illustrating the rapid and 
simultaneous onset of erythralgia and surrounding hyperalgesia shows that 
they do not necessarily pass off together This is probably unimportant, 
for the minim al concentration of released substance required to produce 
local erythralgia and distant hyperalgesia through the nerves are not 
necessarily identical , moreover, as previously shown, distant hyperalgesia 
persists after the nervous channels leading out from the area of mjuiv are 
blocked 

Common basts for hypet algesia 


There is a second possible relationship between the diffuse hyperalgesia 
specially discussed in this paper and the hyperalgesia °* th ® 
state, which Hess and I have described The idea will obtrude itself that 
these may be manifestations of states differing from each other merely m 
degree It may be stressed that both forms of hyperalgesia have now been 
Sed, each on independent evidence, to the release of pam producmg 
substances in the skin The hyperalgesia is in both cases of the » same 1 
m both some degree of spontaneous pam is often associated, and there is m 
both* a lowering of threshold to pricks, while soreness or actual J?am .ffdta 
at once froiTfncfao n These resemblances may not be significant m them- 

* Calcium and strontium chlorides in 1% solutions give verj little effect 
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selves , but they would become so if it could also be shown that the diffusely 
hyperalgesio skin displays a second or delayed pain after friction, and has 
the threshold of its pain responses lowered to heat, for these two qualities 
have been regarded as peculiar to erythralgic skin The position is this 
Time and again it has been noticed that the skin of diffuse hyperalgesia 
smarts a little, or that this smarting is brought to light or is increased locally 
by light friction When it is brought out in this way it does not follow at 
once after friction, but after a little period of delay , but it is a very 
inconspicuous affair compared with the unpleasant pam that similarly follows 
after rubbing the erythralgic skin In regard to increased sensitivity to 
warmth, I have very frequently tested the diffusely hyperalgesic skin by 
immersing it in water at 40° or by bringing it into contaot with copper at 
this temperature In most of these observations no definite difference has 
been detected between the hyperalgesic and the normal skin, but in the more 
prominent instances of hyperalgesia it has been noticed that warmth is more 
readily appreciated and its glow is longer felt, although it can rarely be Baid 
that actual pam results The reaction can be interpreted as a borderline 
reaction It will be apprehended that neither in the case of the delayed 
response to friction nor m that of the response to warmth, is the result 
emphatic, but each permits the interpretation that there is a distinct 
departure from normahty in the apposite direction, and thus brings some 
support to the general conception that the underlying state in the two 
instances may be essentially the same, though differing m the degree to which 
it has progressed Thus we may conceive that the same pam produomg 
substance is released m the skin, either by direct injury to the skm, or at a 
distance through special nervous channels We should add, however, that 
where the release is supposed to originate through nervous channels rather 
than from local injury the release must be conceived to be very small in the 
relative sense 

Finally, there is the possibility that the release of a pam producmg 
substance m the skm, while setting up a state of local hyperalgesia, may 
reproduce itself at a distance, through the special system of nerves, by 
causing a similar though muoh smaller release of substance In local injury 
of the skm the release would thus produce conspicuous local hyperalgesia and 
the release would propagate itself m less degree through the special nerves, 
manifesting itself in the skm as the milder and diffuse hyperalgesia Along 
these hues the curious delay in the appearance of hyperalgesia m the outer- 
most parts of the skm might be explained * This suggestion — and it is to 
be emphasised that it is speculative — is not without support 

As has been stated it is thought probable that direct stimulation of the 
specific nerves causes distal release of pam producmg substance Is it 
possible that this release can propagate itself m mm nr degree * When a small 
nerve, such as a digital nerve, is stimulated it gives rise to hyperalgesia not 

* It is not the only explanation that might be put forward , and it could not be used I 
think to explam more thnn one transference 
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only mite own territory but in the whole cutaneous temtoiy of the ulnar nerve 
(■see page 394) , this may conceivably happen in one of two w ays It may be 
due (1) to direct stimulation of centripetal axons thiough which the impulses 
enter centrifugal axons and thus reach the affected skm Or it may come 
about (2) through the release of a specific substance in the territory of the 
stimulated twig, this area now acting as an area of injury, and giving rise 
to diffuse hyperalgesia in the mam nerve territor} 1, by the mechamsm already 
discussed There is a form of experiment which supports the second action 
as a contributory cause If the digital nerve to the radial side of the 5th 
finger is strongly stimulated for 5 minutes through a subcutaneous electrode 
(see page 390) in the middle of its course, after blocking the same nerve at the 
base of the finger with a small injection of novocame, this proximal block of 
the nerve dunng the period of stimulation does not prevent the appearance 
of hyperalgesia in the rest of the slan supplied by the ulnar nerve after the 
block recovers Although this observation does not exclude the first action 
m the ordinary experiment, it does seem to show that a more indirect action, 
like the second, may be partly responsible 


Related manifestations, general hypothesis of “ nocifensor ” neive effects 

In the preceding pages evidence has been brought to show that a form 
of diffuse hyperalgesia can be produced by distal stimulation of a cutaneous 
nerve trunk, and that an indistinguishable widespread hyperalgesia can be 
provoked by injuring the skin quite locally, the distant effects being conveyed 
in the latter mstance through a local nervous mechamsm having the arrange- 
ment of branching axons When the observations are described in this 
way a parallel senes of facte spnngs to nnnd , this senes concerns, not 
hyper algesia, but vasodilatation 

There is a form of vasodilatation, which has been familiar for many 
years it occurs when the distal end of a postenor root or of a cutaneous 
nerve’ is stimulated This action has been termed “antidromic” by 
physiologists, under the behef that it occurs by reversed conduction through 
sensory nerves What alone is proved is that the nerves involved belong 
to the posterior root system Nine years ago Marvin and I (8) examined 
this form of vasodilatation and we found evidence that the nerve stimulation 
releases vasodilator substance in the slnn , H-substance, so w e believed, 
was released from the cutaneous cells The parallelism between this 
vasodilatation and the hyperalgesia from cutaneous nerve trunk stimulation 
which likewise is here ascribed to released metabolites is suggestive It 
becomes much more suggestive when we note that, while the ^^ra g 
of nerve trunk stimulation has its counterpart in nerve trunk vasodilatation, 
so the hyperalgesia surrounding a local injury hasitscounterpartm the 
“ flare ” of local injury Let Us compare more closely the hyperalgesia and 
the flare both of which come to surround the local injury The hyperalgesia 
m mdCTendeS of the sympathetic nervous system , the same has been proved 
?or"re 1 Both cl occur m .km, the nerves to which are cut off from the 
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central nervous system , that is to say, both are provoked through a purely 
local nervous mechanism The reasons for disbelieving the state of hyper- 
algesia to be spread through sensory nerves have been given , I now point 
out, what has previously been overlooked, that a precisely similar argument 
is applicable to the flare To explain the spread of the flare from small 
areas of injury requires arborisations or networks of axons in the skin, which, 
if subserving sensation, would be incompatible with localisation When 
I looked again at the almost forgotten description of the influence of 



Fjg 17 (X i) A J H., May the 12th The antenor branch of the external cutaneous nerve 
rvas stimulated at S through the skin for 2 mm with a faradic current of usual strength 
An area of skin on the forearm became flushed and was mapped out (broken line) Hyper 
algesia subsequently dev eloped as indicated by the solid lines and corresponding tunes from 
the beginning of stimulation A repetition of tins observation a week later gave a simila r 
result 


anaesthetic barriers m the skm upon the flare, as given, by Grant, Marvin and 
myself (6), after observing the action of similar barriers upon the spread of 
hyperalgesia (page 398), I was impressed by their remarkable similarity 
The conclusion is almost irresistible that the state of hyperalgesia and the 
flare spreading around a local skm injury, are provoked through one and the 
same system of nerves and that tins system is not sensory, but the separate 
system here termed “ nocifcnsor ” 
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I have given the main line of argument which links up the two nerve 
trunk reactions and the two local reactions There is other evidence 
When a cutaneous nerve trunk is stimulated, an area of hyperalgesia 
appears over the territory of that nerve Foerster has shown that these 
territories are similarly mapped out by cutaneous flushing In my own 
experiments this cutaneous flush has often been seen, though owing to the 
relative weakness of my stimulation — h mi ted as it is by pam — at has never 
been conspicuous When the flush appears clearly there is often remarkable 
correspondence between the mapped area of this flush and the subsequently 
mapped area of hyperalgesia (see Fig 17) The hyperalgesia surrounding a 
faradic injury of the skin is in general of less extent than that just considered , 
so is the corresponding flare The extent of the flare is in ordinary circum- 
stances largely controlled by the state of capillary tone , but, if the stimulus 
is put down while the circulation to the skin is arrested, the flare subsequently 
developed assumes, for reasons not yet clear, a much brighter colour and more 
circumscribed border On many occasions I have been forced to remark 
upon the close correspondence between the borders of such a flare and the 
borders of full hyperalgesia , correspondence can sometimes be shown to 
extend to the finer detail of such borders , usually, however, the visible 
margins of the flare he within those of hyperalgesia 

Professor Foerster has told me in answer to my direct enquiries that 
cutaneous nerve trunk stimulation gives rise on occasion to pure itching of 
the skin, and on other occasions to pam as related on page 400 Small 
local injuries of the skm are similarly followed by itching or by smarting 
and soreness I have now to add a significant fact, recently observed 
independently by Mr R Bickford and myself, namely, that the itchy skm, 
located by light friction, widely surrounds the actual injury, behaving in 
tins and other respects much as does the hyperalgesia wbiok it replaces 
(Mr Bickford wall report Ins observations separately) This itchy skm is 
evidently provoked locally through the same system of nerves and serves 
as an additional link to the several reactions discussed 

To amplify the views already stated is to move farther m the direction 
of hypothesis It is improbable that any full view put forward to-day to 
meet the facts as we recognise them will satisfy the fuller knowledge of the 
future The mechanisms with which we are dealing are intricate, and the 
effects manifold, and much more work will be required to unravel them 
But it seems clear that a number of lines are arranging themselves to form 
what seems to be a smgle meshwork It is impracticable to examine here 
and in adequate detail all the evidence that is relevant to the question, 
I specially reserve, for I hope future consideration and comparison, the 
precise nature of the vascular reaction m nerve trunk stimulation and flare 
Here especially there remains a difficulty m bringing two reactions, whioh 
must be linked, into perfect alignment The difficulty is that the vasodilata- 
tion of nerve trunk stimulation m the cat’s paw results, so it has been 
concluded, from release of H-substanee , while the view has also been 
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expressed that the flare surrounding injury is maintained from the area 
actually injured, is arteriolar, and is not due to H-substance released in the 
engorged skm But the remaining evidence is so weighty that very possibly 
this seeming discrepancy may disappear when the vascular reactions are 
further investigated It has been concluded that a hitherto unrecognised 
system of nerves exists m the skm and is responsible for diffuse hyperalgesia 
The full view which I put forward as a working hypothesis is that these 
nocifensor nerves are responsible for a number of reactions, through a release 
of appropriate substances from and into the skin They are supposed thus to 
govern hyperalgesia, itching, and vascular reactions Buch as arise from and 
around the local injury These effects are such as repel injury, guard against 
renewed injury, and aid local repair The term “ nocifensor ” becomes 
more fully apposite m this wider consideration Through the nocifensor 
system, too, such manifestations as may be artificially provoked, vascular 
flushing (“ antidromic ”) or hyperalgesia, are probably produced , the 
question as to whether or not such actions as these last ever arise naturally 
is undecided, though I incline to the view that they can so arise, since Grant, 
Pearson and Comeau (4) have shown that urticaria may be provoked by 
central stimulation and by the impulses passing through cutaneous nerves 
For this provocation of urticaria implies that, directly or indirectly, cellular 
substances are released in skm, which release tends to identify the nerves 
concerned in it with those of the nocifensor system If this proves to be so, 
then it will be clear that this system oan be set m motion through central 
nervous action 


Referred tenderness 

In discussions on pain and tenderness, the term “ referred tenderness ” 
has been used to describe tenderness looated by the patient in a region other 
than that from which it may be supposed to arise It has been used especially 
m relation to visceral disease, but not exclusively so Thus Mackenzie (10) 
speaks of pam referred from a tooth to other teeth and to the skm of the face 
Another notable example m somatic territories is that of pam referred from 
diaphragm to shoulder 

The present observations obviously throw new light on tenderness 
arising in skm at a distance from an aotual pomt of skm mjury , they explain 
on similar lines tenderness of facial skm arising from lesions of deeper structure 
such as the maxillary antrum and the teeth Thus, they begin to explain 
manifestations which have been mcluded among instances of “ referred 
tenderness ” It cannot yet be said of cutaneous tenderness referred from 
the viscera that this is produced similarly , it is possible that the meohamsm 
of such reference is distinct But it is also within the bounds of possibility 
that the system of nerves, which I have called “ nocifensor,” is represented 
m the visoera, and that reflections may happen through this system to the 
surface of the body I refer to this possibility to stimulate enquiry and to 
ensure that it may receive consideration in future investigations that attempt 
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to unravel the mechanism of tenderness and pam ansmg out of visceral 
disease 

It seems especially desirable m this connection to refer to the idea 
of Sturge (13) and of Eoss (12), subsequently supported so strongly by 
Mackenzie, that peripheral irritation may be conveyed to the cord and there 
diffuse to sensory nerve loots supplying other structures Sturge and Eoss 
conceived a diffusion from visceral to somatic paths Mackenzie also 
accepted diffusion from one somatic path to another within the cord The 
observations I have heie descubed, m which the effects of temporarily 
blocking nerves above or below the point of stimulation are tested, definitely 
oppose the conclusion that stimulation of skin oi of cutaneous nerve leaves 
an impression on the central nervous system, such as may be referred 
subsequently as tenderness , they show that when such stimulation gives 
use to distant tenderness, it does so, not through the central nervous system, 
but through a purely jienpheral mechanism Although this demonstration 
is immediately relevant only to the somatic nerves, it impresses the fact 
that the ideas of diffusion of impulses and of irritable foci in the cord resulting 
from visceral disease are purely hypothetical, and renders them less acceptable 

Yen table leactions tn dtffetent t ndtviduals 

The variability m the effects of faradic stimulation from subject to 
subject was mentioned eaily in this paper , the same stimulus may yield 
large aieas of conspicuous hyperalgesia in one subject and httle or no 
hyperalgesia m another I have not tested large numbers of subjects, but 
enough to state that hyperalgesia is pioduced in the majority, though its 
extent and its degree vaiy greatly Sufficient obseivations have also been 
made to allow the rule to be stated that if hyperalgesia fails to appear after 
faradic stimulation of skm and after making httle crushes of the skm, it 
will also fail to appear after the usual stimulation of neive trunks and 
nerve branches 

In trying to imdeistand n by cei tam subjects show conspicuous reactions, 
several possibilities have been consideied One is that if a given subject is 
used in repeated tests, susceptibility to stimulation may grow As a mam 
cause of variation this possibility can be excluded Among the most exten- 
sive leactions to faradism found in my own case weie the very first reactions 
of the senes , and variations among nevly tested subjects have been 
conspicuous But theie is reason to beheve that the pouer to recognise 
minor grades of hyperalgesia grows with experience, so that the mapping 
out of areas becomes more precise and these areas are marked out more 
extensively by subjects u ho lepeat the tests on themselves day after day 
Indeed, one subject who was at first unable definitely to recognise the 
phenomenon of hyperalgesia to faradic stimulation of his skm, is nov able 
to mark out small sun ounding areas with confidence Such changes of 
apparent reaction may be accounted for by a cultivated sliaipemng of sensoiy 
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appreciation, combined with a growing understanding of the type and order 
of changed sensations that are to be observed 

But a more fundamental difference in reaction than is thus to be 
accounted for undoubtedly exists , the difference is not only of degree, some- 
times it is of kind A cutaneous injury, which gives rise to surrounding 
hyperalgesia m one subject, may give rise to a surrounding area of itchy 
ulrvn m another , or a given injury may on occasion become surrounded by 
hyperalgesia bounded by a narrow zone of itchy skm There ib an area of 
ulnn on my own arm, which yields hyperalgesia around a single pnck through 
a drop of 1 in 3,000 histamine (1 in 1,000 of acid phosphate in buffered and 
isotonic solution) , while other areas of skm treated m the same fashion 
always yield an area of itchy skm In more than one subjeot an area of 
itchy skm surrounding a histamine punoture has been noticed to give place 
after an interval of minutes to a corresponding area of soreness Slight 
change m the grade of physical injury of the skm is often enough to determine 
a change in reaction from itching to bum with hyperalgesia Foerster, as 
noted, found the same variation in peripheral nerve stimulations Tliese 
facts suggest that variation in the subjective reaction observed by different 
subjects is mainly due to different degrees of tissue response Thus the 
variation might be explained by supposing variation m the release of sub- 
stances at the effeotor endings of the nervous mechanism , not only variation 
in quantity, but in kind, according to the order of increased permeability 
effected and the sizes of the molecules of substances concerned 

The precise reason for such variations as are noticed must await further 
elucidation , but the variation m these experiments may have important 
clinical significance in helping us to understand why referred tenderness is so 
variable a manifestation of disease 

Appended eipertmenls on cutaneous localisation 
Although much seems to have been written about the localisation of 
sensations derived from the skm, I have discovered few observations relevant 
to what here concerns us It is universally recognised that tactile stimuli 
are localised with great accuraoy In regard to pam, warm and cold 
sensations, these also are believed to be localised, but care has rarely been 
taken to exclude the possibility that localisation m these instances is not 
m fact guided by associated tactile impressions 

Warmth Blake Pntchard (11), in a critical examination of tactile 
localisation has contrasted this with warm localisation, using radiant heat 
as his stimulus and thus avoiding contact with the skm He finds, for the 
dorsum of the hands and fingers, that tactile stimuli are localised with an 
average error of about a % cm , and warm stimuli with an average error of 
about 1 cm 

In a similar endeavour I have used a beam of light concentrated to 
illuminate a circular spot 4 or 5 mm in diameter on the skm and there 
developing a temperature of 38° or 39°C as measured m special tests with 
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thermal junctions The dorsal surfaces of the fingers were tested and the 
conclusion was reached that blindfold the subject is able to detect the region 
stimulated as soon as he becomes aware of a distinct sense of wa rmin g, with 
an error of 1 cm or less m the great majority of instances Curiously, 
although there is this degree of accuracy, a very occasional mis take is made, 
m which the stimulus is localised on an adjacent finger though at a correct 
level 

Cold In testing cold I have used small lead tubes tlnough which w ater 
is constantly flowing Four of these are brought into contaot with the slnn 
simultaneously, the area of contact being about 13 by 3 mm Water at 
about 34° C is circulated through all and is changed for water at about 
24° C m one tube Laying one of these tubes on eaoh of four fingers, a 
change to cold m one is invariably and at once locahsed in the correct finger 
The tubes are now laid in parallel series across the dorsum of a chosen finger 
If the tubes he 2 om apart the change to cold is always locahsed in the right 
tube With the tubes 1 cm apart there are occasional mistakes between 
adjacent tubes If two tubes are placed 14 cm apart on the radial side of a 
finger and two contacts are placed symmetrically with these on the ulnar 
side of the same finger, failure promptly to localise the tube that becomes 
cold is very unusual 

Pain I have used a needle pnck as stimulus and have avoided any 
possibility of guidance from tactile or deep pressure sensations by stopping 
the circulation to the limb for a suitable period If the hand is kept m w ater 
at 37° C and the circulation to the arm is arrested, all appreciation of simple 
contacts, light or heavy, is lost in the hand within 25 or 30 mm , but needle 
pncks are still felt (9) The pricks on fingers and hand are locahsed with an 
erroi of less than 1 cm in almost every test , and I have been unable to 
determine any very appreciable difference in the accuracy of localisation 
in the normal and m the ischasmic hand 

Comment In the case of each form of sensory stimulation, the tests 
were carried out upon my own hands and those of A J H , the hands for 
w'hich the results aie especially relevant, since they were the hands chiefly 
used in the previously reoorded experiments on hyperalgesia The accuracy 
of localisation was found to be only a bttle less on the backs of the hands 
than upon the backs of the fingers, m the case of each form of stimulus tested 

It is clear from these tests that warm, cold, and pain, are all locahsed 
with considerable accuracy on the hands , not perhaps with quite the precision 
of the tactile stimulus, but with sufficient aceuraoy to show that none of 
these sensations can be carried through nerve fibres which branch and 
rebranch to form widely distributed axon systems in the skm 

Summary and conclusions 

1 A diffuse and widespread area of hyperalgesia appears in many 
normal subjects around a point of faradic stimulation or tiny crush of the 
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skin This hyperalgesia lasts for several or many hours and may be 
accompanied by a little smarting of the skin 

2 Change in the central nervous system is not responsible for this 
hyperalgesia, which arises out of change m the region of injury and through 
a local nervous mechanism 

3 The impulses travelling through these local nerves set up a process 
in distant skm of a relatively stable land, and one which is independent 
of the original injury 

4 Similar hyperalgesia appears around skin damaged m other ways, 
as by painless freezing , and after the intradermal introduction of very small 
quantities of skm extracts 

6 Similar hyperalgesia may be produced also by stimulating the 
cutaneous nerve trunks, through the skm or directly by means of a sub- 
cutaneous electrode The effect is not prevented by previously blocking 
the nerve proximally, but is prevented by blocking the nerve distally, to the 
point stimulated Thus this effect is a peripheral one within the territory 
of the cutaneous nerve’s distribution 

6 Similar hyperalgesia can be produced in areas of the facial skm by 
stimulating the mucous membrane of the maxillary antrum, or small dental 
nerves within the antrum This hyperalgesia mvolves the whole cutaneous 
distribution of the maxillary division of the 5th nerve, and reproduces 
the superficial tenderness that often follows antral catarrh 

7 By stimulating a digital nerve, for example that to the radial side 
of the fifth finger, similar hyperalgesia can be produced in the whole area 
of skm supphed by the ulnar nerve 

8 Diffuse hyperalgesia whether produced by injuring the skm, by 
stimulating a nerve trunk, or by a small nerve like the digital, is of the same 
kind, and is produced by one and the same local mechanism 

9 Evidence is put forward to show that the nerves concerned are 
arranged as arborisations of axons in the skm, and that they belong neither 
to the sensory nor to the sympathetic system The newly discovered system 
of nerves is named “ nocifensor ” 

Speculations 

10 There are close relations between the hyperalgesia of “ erythralgia ” 
and the diffuse hyperalgesia that is here described , and it is thought possible 
that both may be the result of a release of pam producing substance from the 
cells of the skm, and that this may occur by direct injury of the skm or as a 
result of an action through nocifensor nerves The possibility is discussed 
that local release may stimulate a smaller release at a distance and 
through nervous channels 
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Fig 19 IL Stimulation and anicsthetisation of radial nervo Tho course of the right mdial 
nerve and its chief brandies was traced out with a fnrndic current and marked indehbh 
on the skin s \ eral dajs beforehand {heavy broken lines) 

June the 10th The main or dorsal part of the nervo was nnrcsthetised at A and the 
resultant area of hypomsthcsia \erj carefullj mapped out on a photograph of the 
hand (the main, outer, dotted line) 

June the 19t/i A small branch of the nerve was stimulated through the skin at B with a 
strong faradic current for 3i min Hyperalgesia began to develop 5 mm later and 
was mapped out on the hand when full, without reference to the previous chart This 
outline of hyperalgesia has been accurately transferred to tho present figure (solid 
line) It is to be said that the isolated area on the ring finger is doubtful slight 
unexplained hyperalgesia m this region having been noted on a number of subsequent 
occasions 

June the 23rd The branch of the radial nerve stimulated 4 days previouslv was 
anscstlietised by a small subcutaneous injection of novocaine at B to displav the area 
66 of hypoffisthesia marking its distribution 





CUTANEOUS Hi PE HALOES I A 


<121 


n ' 

r 



Fig 20 A J H Stimulntion anil ann BtlioliHiition of rmlml nrrvo in imolliir Hiibjitl J Jio 
nerve nan traced out and marked indelibly on tin skin on Juno tlio lOtb 

June the 18tfi A branch of tbo nirvo mm Rlumilntcd through tlio akin at IS for ti nun 
with a strong faradn t urrent The fully dove lopf d area of hiiIiw qiu nt hyporalgi hiu 
was charted on a photograph of tho hand (aolid lino) 

June the 22 ml Tho nerve was anioRtln Inn d at A and tho ana of hypov Hi Ik mn mapped 
out (dotted lino) without referemo to tin privioua ilinrt 

June the 2trd Tin hramh of the nirvo wrs ana Ht hot mod n« marly iih [HjhhiIjIo at (In 
point IS of previous stimulation, to dinplaj tlf nrra h h of it« dial ri but ion 
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June the 12 tli The left ulnar nerve when anicsthetised at elbow gave an area of anrcsthoaia 
and hypoaisthesia indicated by the broken line The previously marked digital nerve to 
the radial side of the little finger was then stimulated w here marked by arrow for 6 min 
with a strong faradic current which was unfelt The resultant full area of hyperalgesia 
was mapped out after recovery of the nerve block (dotted line) 

June the 2ith The digital nerve to the ulnar Bide of the index finger was faradised with a 
strong current for 6 mm where indicated by the arrow The full area of hyperalgesia 
subsequently developing on the fingers is shown br the solid line 

The subject of this experiment (see aim Fig 20) is ignorant of the distribution of the 
mam nerves (ulnar median and radial) to the hand 






